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Dendrimers Based on 1,4-Phenylene Units: Synthesis, Reaction Chemistry, Reactivity, 
Structure and Bonding 
 
 
In der vorliegenden Arbeit wird eine konvergente Synthesestrategie zum Aufbau von formstabilen dendritischen 
Carbosilanmolekülen mit 1,4-Phenyleneinheiten, welche als “Silicium-Silicium-Spacer” fungieren, vorgestellt. Zur 
Darstellung dieser Verbindungen kommen repetitive Lithiierungs-Silylierung-Zyklen zur Anwendung. 
Die Lithiierung von 1-Br-4-C6H4-Si(C6H4-4-Si(CH2CH=CH2)nMe3-n)3 (n = 0, 1, 2, 3) mit nBuLi und die 
Umsetzung von in-situ generiertem 1-Li-4-Si(CH2CH=CH2)nMe3-nC6H4 mit SiCl4 liefert Dendrimere der 0. Generation 
Si(C6H4-4-Si(CH2CH=CH2)nMe3-n)4 (n = 1, 2, 3). Wird 1-Li-4-Si(CH2CH=CH2)nMe3-nC6H4 mit 1-Br-4-SiCl3-C6H4 zur 
Reaktion gebracht, sind Dendronen der 0. Generation 1-Br-4-C6H4-Si(C6H4-4-Si(CH2CH=CH2)nMe3-n)3 (n = 0; 1; 2; 3) 
zugänglich. Durch repetitive Lithiierungs-Silylierungs-Zyklen können ausgehend von 1-Br-4-C6H4-Si(C6H4-4-
Si(CH2CH=CH2)nMe3-n)3 Dendrimere höherer Generationen aufgebaut werden. Bringt man die lithiierte Spezies 1-Li-4-
C6H4-Si(C6H4-4-Si(CH2CH=CH2)nMe3-n)3, welche ausgehend von 1-Br-4-C6H4-Si(C6H4-4-Si(CH2CH=CH2)nMe3-n)3 
durch Metallierung mit tBuLi zugänglich ist, in Anwesenheit von TMEDA mit SiCl4 zur Reaktion, so erhält man die 
Dendrimere der 1. Generation Si(C6H4-4-(C6H4-4-Si(CH2CH=CH2)nMe3-n)3)4 (G1b, n = 1; G1c n = 2). Erfolgt die 
Silylierung jedoch in Abwesenheit von TMEDA, werden die Chlorsilane ClSi(C6H4-4-(C6H4-4-Si(CH2CH=CH2)nMe3-
n)3)3 (D1bCl, n = 1; D1cCl, n = 2) gebildet. 
Die Silylierung von 1-Li-4-C6H4-Si(C6H4-4-Si(CH2CH=CH2)nMe3-n)3 mit 1-Br-4-SiCl3-C6H4 liefert die 
Dendronen der 1. Generation 1-Br-C6H4-4-Si(C6H4-4-(C6H4-4-Si(CH2CH=CH2)nMe3-n)3)3 (D1b, n = 1; D1c, n = 2; D1d, 
n = 3). Diese liegen in einem Gleichgewicht monomerer und komplementärer dimerer Spezies vor. Die Dimerisierung 
kann durch NMR-Untersuchungen sowie durch die Einkristallröntgenstruktur von D1bCl belegt werden. 
Die Darstellung von Carbosilanen des Typs PhMeSi((CH2)3B(OH)2)2 (2), Si(C6H4-4-SiMe2((CH2)3B(OH)2)4 (5), 
PhMeSi((CH2)3OH)2 (3) und Si(C6H4-4-SiMe3-n((CH2)3OH)n)4 (6a, n = 1; 6b, n = 2; 6c, n = 3) wird beschrieben. Die 
Boronsäuren 2 und 5 sind durch Umsetzung von PhMeSi(CH2CH=CH2)2 (1) und Si(C6H4-4-SiMe2(CH2CH=CH2))4 (4a) 
mit HBBr2·SMe2 und anschließender Hydrolyse zugänglich, während 3 und 6a - 6c durch Hydroborierung von 1 und 4a - 
c mit BH3·SMe2 und anschließender Oxidation mit H2O2 erhalten werden. Die Einkristallröntgenstruktur von 6a zeigt, 
dass das Molekül aufgrund von π-π-Wechselwirkungen und der Ausbildung von Wasserstoffbrückenbindungen Teil eines 
zweidimensionalen Netzwerks ist. 
Ein weiterer Schwerpunkt der Arbeit widmet sich der Synthese und Charakterisierung von Dendrimeren der 0. 
und 1. Generation mit symmetrisch substituiertem Porphyrin-Grundgerüst als multifunktionalem Kern. Hierbei werden 
zunächst die allyl-terminierten Bromide 1-Br-4-Si(CH2CH=CH2)nMe3-nC6H4 (n =1, 2) bzw. die Dendronen -Br-4-C6H4-
Si(C6H4-4-Si(CH2CH=CH2)nMe3-n)3 (n = 0, 1, 2) in die aromatischen Aldehyde 1-HOC-4-Si(CH2CH=CH2)nMe3-nC6H4 
(2b, n = 1;  2c, n = 2) bzw. 1-HOC-4-C6H4-Si(C6H4-4-Si(CH2CH=CH2)nMe3-n)3 (4a, n = 0; 4b, n = 1; 4c, n =2) überführt. 
Aus diesen werden nach der Methode von Lindsey durch Umsetzung mit Pyrrol, BF3·OEt2 und DDQ die entsprechenden 
Porphyrine H2T(-4-Si(CH2CH=CH2)nMe3-nC6H4)P (5b, n = 1;  5c, n = 2) bzw. H2T(-4-C6H4-Si(C6H4-4-
Si(CH2CH=CH2)nMe3-n)P (7a, n = 0; 7b, n = 1; 7c, n =2) aufgebaut. Deren Komplexierung mit Zn(OAc)2 liefert die Zn-
Porpyrine Zn(II) T(-4-Si(CH2CH=CH2)nMe3-nC6H4)P (6a, n = 1;  6b, n = 2) bzw. Zn(II) T(-4-C6H4-Si(C6H4-4-
Si(CH2CH=CH2)nMe3-n)P (8a, n = 0; 8b, n = 1; 8c, n =2). 
Ausgehend von 5b und 5c sind Porphyrine mit terminalen Hydroxyl-Carbosilan-Einheiten via Hydroborierung-
Oxidation zugänglich. Diese Verbindungen einschließlich der entsprechenden Zn-Komplexe sind aufgrund ihrer 
Fähigkeit zur Ausbildung von Wasserstoffbrücken-Netzwerken in hohem Maße zum Aufbau von supramolekularen 
Strukturen geeignet. Anhand der Einkristallröntgenstruktur-Analyse von Zn[T(4-Si((CH2)3-OH)Me2-C6H4)P] 10a ist 
ersichtlich, dass dieses Metalloporphyrin aufgrund von dirigierenden Wasserstoffbrücken Teil eines selbst 
organisierenden Porphyrin-Netzwerks darstellt und darum einzigartige strukturelle Eigenschaften aufweist. Die 




Schlüsselwörter:  Dendrimere, Dendronen, Carbosilan, Carbosilanedendrimere, Molekulare Tektonik, Molekulare 
Erkennung, Netzwerk, Chiralität, Supramolekulare Chemie, Porphyrine, Metalloporphyrine; 
Wasserstoffbrücken; Einkristall-Röntgenstrukturanalyse; NMR-Spekroskopie, ESI-TOF 









Dendrimers Based on 1,4-Phenylene Units: Synthesis, Reaction Chemistry, Reactivity, 
Structure and Bonding 
 
 
This study described the convergent synthetic methodology of shape-persistent den-
dritic carbosilane molecules with 1,4-phenylene as silicon-silicon spacer unit(s) through 
repetitive lithiation-silylation cycles. Lithiation of 1-Br-4-Si(CH2CH=CH2)nMe3-nC6H4 (n 
= 0, 1, 2, 3) with nBuLi and treatment of in-situ generated 1-Li-4-Si(CH2CH=CH2)nMe3-
nC6H4 with SiCl4 gave the 0th generation dendrimers Si(C6H4-4-Si(CH2CH=CH2)nMe3-n)4 
(G0b, n = 1; G0c, n = 2; G0d, n = 3). On the other hand, when 1-Li-4-
Si(CH2CH=CH2)nMe3-nC6H4 was reacted with 1-Br-4-SiCl3-C6H4 gave 0th generation den-
dron 1-Br-4-C6H4-Si(C6H4-4-Si(CH2CH=CH2)nMe3-n)3 (D0a, n = 0; D0b, n =1; D0c, n = 2; 
D0d, n = 3). The 1st generation dendritic compounds were synthesized by repeating lithia-
tion-silylation cycles on the 0th generation dendrons. Treatment of lithiated species 1-Li-4-
C6H4-Si(C6H4-4-Si(CH2CH=CH2)nMe3-n)3 , generated by treatment 0th generation dendrons 
with tBuLi, with SiCl4 in presence of TMEDA gave Si(C6H4-4-(C6H4-4-
Si(CH2CH=CH2)nMe3-n)3)4 (G1b, n = 1; G1c n = 2). However, when silation was per-
formed in absence of TMEDA, the chlorocarbosilanes ClSi(C6H4-4-(C6H4-4-
Si(CH2CH=CH2)nMe3-n)3)3 (D1bCl, n = 1; D1cCl, n = 2) are formed. The silation of 1-Li-
4-C6H4-Si(C6H4-4-Si(CH2CH=CH2)nMe3-n)3 with 1-Br-4-SiCl3-C6H4 gave the 1st genera-
tion dendron 1-Br-C6H4-4-Si(C6H4-4-(C6H4-4-Si(CH2CH=CH2)nMe3-n)3)3 (D1b, n = 1; 
D1c, n = 2; D1d, n = 3). The 1st generation dendritic compounds found to be present in 
equilibrium between monomeric and self-complementary dimeric species. The formation 
of dimeric species is confirmed by NMR studies and singl crystal X-ray structure analysis 
of D1bCl.  
 
The preparation of carbosilanes of type PhMeSi((CH2)3B(OH)2)2 (2), Si(C6H4-4-
SiMe2((CH2)3B(OH)2)4 (5), PhMeSi((CH2)3OH)2 (3), and Si(C6H4-4-SiMe3-n((CH2)3OH)n)4 
(6a, n = 1; 6b, n = 2; 6c, n = 3) is described. Boronic acids 2 and 5 are accessible in the 
consecutive reaction of PhMeSi(CH2CH=CH2)2 (1) and Si(C6H4-4-SiMe2(CH2CH=CH2))4 
(4a) with HBBr2·SMe2 and H2O, while 3 and 6a – 6c are available by the hydroboration of 
Abstract 
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1 and 4a – 4c with BH3·SMe2 followed by oxidation with H2O2. X-ray structure analysis of 
molecule 6a shows that it serves as a tecton in the construction of a two-dimensional net-
work structure through π-π interactions and hydrogen bonding.  
 
The preparation and characterization of a series of 0th and 1st generation dendritic 
compounds based on symmetrically substituted porphyrin core were performed by the 
Lindsey procedure. In this respect, bromo allyl compounds 1-Br-4-Si(CH2CH=CH2)nMe3-
nC6H4 (n =1, 2) and dendrons 1-Br-4-C6H4-Si(C6H4-4-Si(CH2CH=CH2)nMe3-n)3 (n = 0, 1, 
2) were converted to the appropriate aldehydes. These aldehydes are 1-HOC-4-
Si(CH2CH=CH2)nMe3-nC6H4 (2b, n = 1;  2c, n = 2) and 1-HOC-4-C6H4-Si(C6H4-4-
Si(CH2CH=CH2)nMe3-n)3 (4a, n = 0; 4b, n = 1; 4c, n =2), respectively. . On subsequent 
treatment with pyrrole, BF3·OEt2 followed by addition of DDQ gave the respective por-
phyrins; meso-Tetrakis(dendritic carbosilane)porphyrin (5b, H2T(-4-
Si(CH2CH=CH2)Me2C6H4)P; 5c, H2T(-4-Si(CH2CH=CH2)2MeC6H4)P; 7a, H2T(-4-C6H4-
Si(C6H4-4-SiMe3)P; 7b, H2T(-4-C6H4-Si(C6H4-4-Si(CH2CH=CH2)Me2)P and 7c, H2T(-4-
C6H4-Si(C6H4-4-Si(CH2CH=CH2)2Me)P). Addition of Zn(OAc)2 produced the Zn(II) 
porphyrins Zn(II)[T(-4-Si(CH2CH=CH2)nMe3-nC6H4)P] (6a, n = 1;  6b, n = 2) and 
Zn(II)[T(-4-C6H4-Si(C6H4-4-Si(CH2CH=CH2)nMe3-n)P] (8a, n = 0; 8b, n = 1; 8c, n =2). 
Hydroboration-oxidation allowed the synthesis of porphyrins with four end-grafted 
hydroxyl-carbosilane units. Such compounds including their zinc (II) derivatives have been 
developed as building block for supramolecular hydrogen-bonded materials. This could be 
confirmed by single X-ray structure analysis of Zn[T(4-Si((CH2)3-OH)Me2-C6H4)P] (10a). 
This metalloporphyrin exhibits unique structural features through assembly of porphyrin 
network by means of directional hydrogen-bonding. A 2-dimensional layer of a porphyrin 
network is set-up through zinc-oxygen and hydrogen-bonding interactions. Also, from 5b, 
5c, 6b and 7b the crystal structures in the solid state were determined.  
 
 
Keywords: Dendrimers, Dendrons, Carbosilane, Carbosilane Dendrimers, Molecular Tec-
tonics, Tectons, Molecular Recognition, Network Formation, Chirality, Su-
pramolecular Chemistry, Porphyrins, Metalloporphyrins; Hydrogen-Bonding; 
X-ray Crystallography; NMR Spectroscopy, ESI-TOF Mass-Spectrometry; 
MALDI-TOF Mass-Spectrometry. 
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Die vorliegende Arbeit wurde in der Zeit von February 2003 bis December 2006 unter 
Leitung von Herrn Prof. Dr. Heinrich Lang am Lehrstuhl für Anorganische Chemie der 
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Me   Methyl, CH3 
Et   Ethyl, CH2CH3 
nBu   n-Butyl, nC4H9 
Fig.   Figure 
M   Metal 
nBuLi   nButyllithium 
tBuLi   tButyllithium 
THF, thf  Tetrahydrofuran, C4H8O 
Et2O   Diethyl ether, (C2H5)2O 
EtOH   Ethanol 
CH2Cl2  Dichloromethane 
DMSO, dmso  Dimethyl Sulfoxide 
DMF, dmf  Dimthyl Formamide 
Ph   Phenyl, C6H5 
TMEDA  Tetramethyl ethylenediamine 
DDQ   2,3-Dichloro-5,6-Dicyanobenzoquinone 
AgOTf   Silver trifluoromethylsulfonate, [AgOS2CF3] 
D   Dendrimer 
Gn   Dendrimer of generation n 
 
 
NMR   Nuclear Magnetic Resonance 
δ   Chemical Shift 
bs   broad singlet  
s   Singlet 
d   Doublet 
dd   Doublet-of-doublet 
t   Triplet 
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dt   Doublet-of-Triplet 
ddt   Doublet-of-Doublet-of-Triplet 
m   Multiplet 
J   Coupling constant 
IR   InfraRed 
cm-1   wavenumber in cm-1. 
w   weak 
m   medium 
s   strong 
vs   very strong 
sh   shoulder  
UV-Vis  UltraViolet-visible 
λmax   wavelength at band maximum 
 
MS   Mass Spectrometry 
[M]+   Molecular ion 
ESI   Electrospray Ionization 
TOF   Time-Of-Flight 
Intens.   Intensity 
Rel.   Relative 
 
 
meso-Tetrakis(dendritic carbosilane)porphyrin  H2T(dendritic carbosilane)P 









Dendrimers (derived from dendrons which means tree in Greek) represent one of the 
most important developments in macromolecular chemistry in the last 25 years.1-7 These 
molecules which are also known as arborols, cascade, cauliflower or starburst polymers 
have unique structures and properties over linear polymers. Primarily, there are two types 
of exclusively branched polymers: hyperbranched polymers and dendrimers. Hyper-
branched polymers are polydisperse with irregular architecture prepared by a non-iterative 
polymerization process (Figure 1a).1-3 In the contrary, dendrimers are ideally perfect 
monodisperse macromolecules with regular and highly branched globular configuration 
(Figure 1b).1-7 As shown in Figure 1b, dendrimers have three different regions; a core or 













Figure 1. (a) Schematic representation of a hyperbranched polymer (b) Schematic repre-
sentation of four generation dendrimer (G0 → G4). This architecture shows 





The synthesis of regular dendritic molecules proceeds in an iterative synthesis proc-




In this synthetic approach dendrimer grows outwards from multifunctional core 
molecule. This molecule reacts with monomer molecule containing one reactive and two or 
more protected groups giving the first generation dendrimer. Then the new periphery of the 
molecule is activated for reaction with more monomers as shown in Scheme 1.1,2,6,7,8 The 
continuous increasing on the molecule weight leads easily to large scale production of 
dendrimers with reliable cost. Unfortunately, the number of reaction per molecule in-
creases exponentially with each new generation. This implies that the incomplete and side 



































































In this method the appropriate dendrimer is stepwisely constructed starting from the 
end-groups and progressing inwards (Scheme 2). When the growing branching polymeric 
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arms, called dendrons are large enough, they are attached to a multifunctional core mole-
cule. 1,2,6,7,8 Since coupling yield is not quantitative and purification result in some losses, 
the mass of the sample decrease with each additional generation. Also, because the cou-
pling reaction occurs at the focal point of the growing dendrons, the preparation of very 
large dendrimer is complicated by steric inhibition, resulting in decreased yields. Further-
more, the small and constant number of reaction per molecule for each step gives small 















































































































Scheme 2. Dendrimers convergent synthetic approach.8 
 
On the other hand, accelerated approaches are developed that combine the advantage 
of both divergent and convergent methods. These procedures generally maintain the 
versatility and product monodispersity offered by the traditional convergent method, but 
reduce the number of linear synthetic steps required to access larger dendritic materials. 
These can be classified under two categories: Multigenerational coupling (hypercore, 
double stage convergent, hypermonomer and double exponential growth) and orthogonal 
synthesis.1 For example, double exponential growth was developed by Moore et. al.9 
(Scheme 3). In this procedure the first generation dendron 1 can be modified at the 
periphery to give the first generation monomer 2 or at the focal point to the activated 
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generation monomer 2 or at the focal point to the activated dendron 3. Coupling of 2 and 3 
yields a second generation dendron 4. Similar to 1, 4 can be activated at the periphery or 
focal point to give 5 or 6. Coupling of 5 and 6 produces fourth generation dendron 7. Each 
consecutive repetition of these three steps (dendron activation, monomer activation, and 










































Scheme 3. Double exponential growth synthesis. Reagent: (i) KOH, (ii) CH3I, (iii) 





Primarily, dendrimers properties (e.g., solubility, chemical reactivity and glass transi-
tion temperature) are controlled by nature of the end group. This is due to the exponential 
increase in number of end groups with increasing generation number in contrast of linear 
polymers which have only two end groups.1,2,6,7  
 
In the solid state, the gradual transition in overall shape, from a more extended ar-
rangement for lower generation dendrimers to a compact globular shape for higher genera-
tion dendrimers, causes the deviation in physical behavior of dendrimers from those of lin-
ear macromolecules. In comparison with the linear analogous, dendrimers show that the 
solubility is significantly increased. Due to the accessibility of the peripheral groups by 
globular shape, the reactivity and solubility can be controlled by the type of the peripheral 
groups.1,10  
For example, up to 4th generation there is no difference in hydrodynamic volume between 
polyether dendrimers and its linear analogues polyethers.10b Conversely, the linear macro-
molecule found to have a significantly larger hydrodynamic volume for the 5th and 6th gen-
eration in tetrahydrofuran. 10b Furthermore, the linear analogs are highly crystalline and 
with low solubilities while the dendritic analogues are amorphous and highly soluble.10b 
 
Dendritic volume increases cubically with generation, while dendritic molecular 
weight increases exponentially. This exceptional growth pattern of dendrimers leads to de-
viation their solution properties from those of linear molecules, especially at higher mo-
lecular weights. The physical parameter which has been used to measure these deviations 
is the intrinsic viscosity. Generally, the intrinsic viscosity for linear polymers increased 
continuously with molecular weight. On the other side, the dendrimers show very low in-
trinsic viscosities1,11 which reaches a maximum at a certain generation of the dendrimer. 
These maximum viscosities have been reported for different dendrimers (e.g., polyaryl 
ether,11a poly(propylene imine),11b and PAMAM11c).  
 
Many of dendrimer applications depend on the availability of the large number pe-
ripheral groups (for modification, as active ligands, etc.) so it is very important to have a 
good understanding of peripheral groups distribution.4,5 On the contrary of highly symmet-
rical architectures often drown in literature, dendrimers with flexible branches can adopt 
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different conformations. This involves backfolding of the end-groups into the interior of 
the molecule.1,2 de Gennes and Hervet12 used the self-consistent field model to describe the 
dendritic architectures. In this model, monomers of each generation are assumed to be fully 
elongated and end-groups of the dendrimer are grouped in concentric circles around the 
core. This model indicates that at a certain generation (known as “de Gennes dense pack-
ing”) regular growth is prohibited. It also shows that the core of the dendritic molecules 
has the lowest density “dense shell”.2 This model can be used as good approximation to 
describe the highly rigid dendrimers.13 
 
For flexible dendrimers, more accurate calculations such as kinetic growth model,14 
molecular dynamics (MD)15 study, and self-consistent mean field model (SCMF)16 are per-
formed. Generally, these models predict that the density is highest at the core and shows 
that the end groups are distributed throughout the volume of the dendrimer as shown in 
Figure 2.16  
 
Figure 2. Schematic representation of backfolded fifth generation dendrimer according to 
Boris and Rubinstein.16 
 
In real dendritic molecules, end-group positions depend essentially on the structure 
of the dendrimer. In the flexible dendrimers usually end-groups are found throughout the 
dendritic volume. Thus, the voids inside the dendrimer are filled up to a certain extent 
“dense core”.1a However, when the end-groups can communicate with each other via sec-
ondary interactions including π-π interactions, electrostatic repulsions, hydrogen-bonding 
Introduction 
 17
interactions or hydrophobic effects, the dendritic terminal units will assemble at the pe-
riphery “dense shell”.1a Based on the idea of interaction between the end groups, Meijer et. 
al. trapped small molecules inside the “dendritic box” of poly(propylene imine) dendrimer. 
The guest molecules were kept encapsulated inside the box by forming a closed shell on 
the surface. This shell is obtained by reacting the terminal amine with an amino acid (L-
phenylalanine).1,2,6,7,17 
 
The dendritic architecture contains different micro-environments (e.g., core, 
branches, or periphery). In order to probe the properties of micro-environments photo-
active groups introduced in the desired microenvironment. Most of studies reveal that a 
typical microenvironment (core environment) present inside the dendrimer which becomes 
more shielded from the medium at higher generations.6,18 This kind of site isolation was 
used to mimic different natural systems by introduction of the functional groups (i.e., por-
phyrins) at the core. For example, Diederich et al. prepared zinc porphyrin dendrimers 






































































































































































































































Silicon chemistry provides several quantitative reactions (yield > 99 %) appropriate 
for dendrimer synthesis.20 The main reactions involved in the synthesis of Si-based den-
drimers reported in the literature are summarized in Scheme 4. These reactions are hy-
drosilylation, alkylation, and controlled condensation of silanols.20a In the case of silazene 
structures, the aminolysis of chlorsianes replace the hydrolysis used in the preparation of 
carbosiloxane structures.20a These reactions were used in the synthesis of a wide range of 
Si-based dendrimers including carbosilane, siloxane, carbosiloxane, and carbosilazane 
dendrimers.20a As example, the first generation carbosilane dendrimer G1 (Scheme 5) was 
synthesized by using hydrosilylation and alkylation cycles. In general, the common fea-
tures of most known Si-based dendrimers include that they are prepared by the divergent 
synthesis approach and the flexibility which appeared by low glass transition tempera-
tures.20a 
ClnR3-nSiH
n RMgX ClnSiR'4-n RnSiR'4-n n MgXCl





· · · (1)
+ + · · · (2)
+ · · · (3) 
 
Scheme 4. The most common reations used for the synthesis of most Si-based dendrimers 























Due to their unparallel molecular uniformity, multifunctional surface and presence of 
internal cavities, dendrimers show possibilities for many potential applications in various 
fields such as medicinal (e.g., in vitro diagnostics,7,21 contrast agents for Magnetic Reso-
nance Imaging (MRI)21b,22 and Magnetic Resonance Angiography (MRA)21b,23, drug deliv-
ery,21b,24 Boron Neutron Capture Therapy (BNCT),21b,25 and as a carriers in gene ther-
apy26), host-guest chemistry (e.g., dendrimers can be used as unimolecular micelles6,27 and 
dendritic box1,2,6,7,18,28), light-harvesting29 and catalysis.4,5  
 
The dendrimers nanoscopic dimensions with different microenvironment (e.g., core, 
branches, or periphery) in combination with solubility make these compounds the best 
choice to have the advantage of both homo- and heterogeneous catalysis.4,5 Based on the 
micro-environment selected to attach the catalyst, different types of dendritic catalysts 
were synthesized as shown in Figure 4.4a 
 
Catalyst
1 2 3 4
 
Figure 4. The catalyst can be located at the periphery (1)4a, core (2)4a, focal point of den-
dron (3)4a and periphery of dendron (4).4a 
 
As it can be seen from Figure 4, dendritic catalysis with a catalyst at the core (struc-
ture 2) have strong resemblance to the enzymes so it is called dendrizymes.4,5 One of the 
reported dendrizymes is the dendritic chloromanganese (III) porphyrin (Figure 5).5 This 
catalyst is used for catalytic epoxidation of alkenes with iodosylbenzene. This catalyst of-
fer much better intra- and intermolecular regioselectivities than those obtained with unsub-
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stantiated 5,10,15,20-tetraphnylporphyrin chloromanganese (III) cation. The least hindered 



















































Figure 5. Suslick’s dendritic chloromanganese (III) porphyrin for the catalytic alkenes 
epoxidation with iodosylbenzene.5 
 
 
Aim and Scope of Thesis 
 
Carbosilane dendrimers expected to be a promising candidate for various applica-
tions, e.g., catalysis,4,5,30 liquid crystalline materials,31 drug delivery,24, 32 self-assembly and 
network formation,33 sol gel nanoscale building blocks,34 and ionophores35 for chemical 
sensing. However, the main disadvantage of the most known carbosilane dendrimers lies in 
the flexibility of the respective backbone. As discussed above (page 16) for the flexible 
dendrimers, the back folding results in the distribution of end-groups throughout the vol-
ume of the dendrimer. This limits the application of carbosilane dendrimers especially in 
the cases that required the maximum number of peripheral groups located at surface (e.g., 
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peripheral catalysis). So, our group is interested in the synthesis of more rigid carbosilane 
dendrimers by using rigid spacer unit (e.g., 1,4-phenylene) instead of frequently used 
flexible aliphatic chain units.  
 
Therefore, the main aim of this study is to establish a general synthetic strategy for 
the synthesis of carbosilane dendrimers based on 1,4-phenylene as silicon-silicon spacer 
unit by using the convergent synthetic strategy including repetitive lithiation-silylation cy-
cles. Anthor focus of this thesis is to investigate the avialability of these dendritic com-
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Allyl-End-Grafted Carbosilane Dendrimers Based 
on 1,4-Phenylene Units: Synthesis, Reactivity, 





The first study on the synthesis of carbosilane dendrimers, for eaxaple, 
Si(CH2CH2CH2Si(CH2CH=CH2)3)4, was reported in 1992.1 This molecule was synthesized 
by using the divergent growth method implying repetitive hydrosilation-alkenylation cy-
cles as reported by van der Made and van Leeuwen.1,2 Depending on the nature of the den-
drimer periphery such compounds show diverse applications including catalysis3, liquid 
crystalline materials4, drug delivery5, self-assembly with network formation6, sol gel nano-
scale building blocks7, and ionophores for chemical sensing.8 The flexibility of aliphatic 
spacer units between the silicon branching points produce, however, some limitation in the 
application of such dendrimers especially due to back folding of end-grafted groups.9 In 
2002, van Koten et. al. showed that the use of dendritic catalysts with a high degree of 
shape-persistence in the backbone gave more complete retention in a nanofiltration mem-
brane reactor.10 Therefore, it would be interest to have a new series of shape-persistent car-
bosilane dendrimers by using of rigid spacer units between the silicon atoms, i.e. 1,4-
phenylene units. 
 
In this report, we focus on the convergent synthesis methodology of shape-persistent 
dendritic molecules with 1,4-phenylene spacer units. 
 
 
Results and discussion 
 
A series of carbosilane dendrimers based on 1,4-phenylene spacer units are accessi-




halide-lithium and lithium-silicon exchange reactions. The synthesis of the starting car-
bosilane molecules 1-Br-4-SiClnMe3-nC6H4 (2a,11 n = 0; 2b, n = 1; 2c, n = 2; 2d,12 n = 3) 
and 1-Br-4-Si(CH2CH=CH2)nMe3-nC6H4 (3a,13 n = 1; 3b, n = 2; 3c,14 n = 3) is depicted in 













2b: n = 1
2c: n = 2
2d: n = 3
3a: n = 1
3b: n = 2
3c: n = 3
1
 
Scheme 1. Synthesis of 2a - 2d and 3a – 3c. 
 
 
As suitable precursor, 1,4-dibromobenzene was used through 4-bromophenyllithium 
(synthesis of 2a) or 4-bromophenylmagnesium bromide (synthesis of 2b – 2d). Treatment 
of 2b - 2d with allylmagnesium bromide gave 3a – 3c. After appropriate work up, carbosi-
lanes 2a, 2d, 3a, 3b and 3c could be isolated as colorless liquids dissolving in most com-
mon organic solvents.  
 
The 0th generation dendrimers Si(C6H4-4-Si(CH2CH=CH2)nMe3-n)4 (G0b, n = 1; 
G0c, n = 2; G0d, n = 3) can be prepared in a similar way like Si(C6H4-4-SiMe3)4 (G0a)15 
by lithiation of 3a – 3c followed by addition of SiCl4 as depicted in Scheme 2. The yield of 
isolated dendrimers G0b – G0d is 30 – 40 %. When 1-Br-4-SiCl3C6H4 (2d) is used instead 
of SiCl4 then the 0th generation dendrons Br-C6H4-4-Si(C6H4-4-Si(CH2CH=CH2)nMe3-n)3 
(D0a, n = 0; D0b, n = 1; D0c, n = 2; D0d, n = 3) are obtained in yields between 40 – 70 % 
(Scheme 2, Experimental Section). Dendritic G0b - G0d and D0a - D0d are colorless sol-













The 1st Generation dendrimers Si(C6H4-4-(C6H4-4-Si(CH2CH=CH2)nMe3-n)3)4 (G1b, 
n = 1; G1c, n = 2) are accessible by the subsequent reaction of D0b and D0c with tBuLi 
and SiCl4 or SiCl4/TMEDA (Scheme 3, Experimental Section), whereby TMEDA allows 
to control the selective formation of D1bCl and D1cCl or G1b and G1c. Without 
TMEDA, only the chlorocarbosilanes D1bCl and D1cCl are formed, while in the presence 
of TMEDA G1b and G1c are produced. This nicely confirms the higher nucleophilicity of 















Li·2a: n = 0
Li·3a: n = 1
Li·3b: n = 2
Li·3c: n = 3
2a, 3a - 3c
(2d)SiCl4
D0a: n = 0
D0b: n = 1
D0c: n = 2
D0d: n = 3
G0a: n = 0
G0b: n = 1
G0c: n = 2








Scheme 3. Synthesis of D1bCl, D1cCl, G1b and G1c from D0b and D0c. 
 
 
As a starting material for the convergent synthesis of 2nd generation dendrimers, the 
availability of the 1st generation dendrons Br-1-C6H4-4-Si(C6H4-(C6H4-4-
Si(CH2CH=CH2)nMe3-n)3)3 (D1a, n = 0; D1b, n = 1; D1c, n = 2; D1d, n = 3) is required. 
These dendrons can be synthesized from the 0th generation dendrons D0a - D0d in a two 
step synthesis procedure as outlined in Scheme 4. 
 
The 1st generation dendrons D1a - D1d could be prepared by the metallation of D0a 
– D0d with tBuLi followed by addition of 1-Br-4-SiCl3C6H4 (2d). All attempts to synthe-
size D1a failed due to insolubility of the intermediate products. In contrast, dendrons D1b, 
D1c and D1d are accessible by using diethyl ether-tetrahydrofuran mixtures of ratio 1:3. 
After appropriate work up, dendrons D1b - D1d could be isolated as colorless solids in a 

































Li·D0b (n = 1)
Li·D0c (n = 2) SiCl4, TMEDASiCl4
D1bCl (n = 1)
D1cCl (n = 2)
G1b (n = 1)




















D1a: n = 0
D1b: n = 1
D1c: n = 2
D1d: n = 3
 
Scheme 4. Synthesis of dendrons D1a - D1d by the subsequent reaction of D0a - D0d 
with tBuLi and 2d, respectively. 
 
 
All compounds were fully characterized by elemental analysis, IR, 1H, 13C{1H} and 
29Si{1H} NMR spectroscopy. ESI-TOF mass spectrometry was additionally used to charac-
terize molecules G0b, G0c, G0d, D0a, D0b, D0c and D0d, while MALDI-TOF studies 
were performed with D1bCl, G1b and D1b, respectively. The identities of G0b and 
D1bCl were confirmed by single X-ray diffraction studies. 
 
Single crystals of G0b could be obtained by cooling npentane solutions containing 
G0b to -30 ºC. G0b crystallizes in the non-centrosymmetric chiral monoclinic space group 
I2. The asymmetric unit comprises two molecules of G0b possessing C1 symmetry (G0b-I, 
G0b-II, of Figure 1) and half of further molecule possessing crystallographyically imposed 
C2 Symmetry (G0b-III, of Figure 1). The molecular structures of the three crystallographi-
cally independent molecules of G0b, namely G0b-I, G0b-II, G0b-III, as well as space-
filling model of the unit cell are illustrated in Figure 1. The crystal data and structure re-




tances (Å) and bond angles (º) of G0b-I are summarized in the legend of Figure 1, related 
bond lengths and angles of the other crystallographyically independent molecules do not 
differ dramatically from these data and hence, are not presented here. The bond distances 
and bond angles are characteristic for carbosilanes featuring Si-C6H4-Si and 





Figure 1. Crystal structure of G0b a) ORTEP diagram (30 % probability level) of the 
molecular structures of the three crystallographyically independent molecules 




bering scheme of G0b-I, G0b-II, G0b-III. b) Space-filling model of the unit 
cell showing the arrangement of G0b-I to G0b-III in the solid state by forma-
tion of three crystallographyically independent head-to-head stacking columns 
along the crystallographic b axis. Hydrogen atoms as well as disordered atoms 
have been removed for clarity. Selected bond distances (Å) and bond angles (º): 
Si(1)-C(l) 1.893(6), Si(1)-C(12) 1.887(6), Si(1)-C(23) 1.888(6), Si(1)-C(34) 
1.895(6); C(1)-Si(1)-C(12) 112.7(3), C(1)-Si(1)-C(23) 109.1(3), C(1)-Si(1)-




Molecule G0b in the solid state forms three crystallographyically independent head-
to-head stacking columns along the crystallographic b axis by formation of pπ-pπ interac-
tions as shown in the Figure 1. Thereby, the columns formed by G0b-I and G0-II (of Fig-
ure 2) are very similar to each other, with respect to the nature of pπ-pπ interactions. Thus, 
all phenylene rings of one individual molecules of G0b-I and G0-II is involved in pre-
cisely one pπ-pπ contact to one phenylene ring of a neighboring molecule. The distances 
between the centers of interacting phenylene rings and the interplanar angles (Table 2) are 
in the range typically observed for T-shaped benzene dimers.18 
 
 
Figure 2. Head-to-head stacking column of G0b-I molecules including pπ-pπ interac-
tions between phenylene rings of successive molecules (Lable (A) and (B) re-
fers to atoms belonging to the second and third molecule of G0b-I along the 





The column composed of G0b-III molecules (Figure 3) is slighly different to the 
columns of G0b-I and G0b-II, respectively. As shown in Figure 3, one phenylene ring of 
G0b-III is involved in two, all other phenylene rings are involved in one pπ-pπ contact 
between adjacent molecules. Geometrical details of these interactions (Table 2) are very 
similar to that obseved for columns of G0b-I and G0b-II, respectively. 
 
 
Figure 3. Head-to-head stacking column of G0b-III molecules including pπ-pπ interac-
tions between phenylene rings of successive molecules (Label A and B refers 
to atoms belonging to the second and third molecule of G0b-III along the col-
umn. The label ’ in the figure refers to symmetry generated atoms due to crys-
tallographically imposed C2 symmetry). 
 
 
Table 2. Details of π-π interactions for G0b-I, G0b-II and G0b-III 
Molecules of G0ba Phenyl ringb Phenyl ring c  Distance (Å)d Angle (º)e 
G0b-I C1-C6 C23A-C28A 5.136 66.8 
G0b-I C34-C39 C12A-C17A 5.240 83.8 
G0b-II C67-C72 C78A-C83A 5.129 67.0 
G0b-II C56-C61 C45A-C50A 5.242 83.8 
G0b-III C89-C94 C100A-C105A 5.069 69.2 
G0b-III C89-C94 C100’A-C105A 5.074 69.1 
G0b-III C89’-C94’ C100’A-C105A 5.097 69.2 
a) I, II, III represent to crystallographyically independent molecules of G0b. b) Phenyl ring of chosen mole-
cule in the columnar structure. c) Label “A” represent phenyl ring of the neighboring molecule. d) All dis-




Single crystals of D1bCl were obtained by vapor phase diffusion of n-pentane into a 
dichloromethane solution of D1bCl at 25 ºC. The molecular solid state structure of D1bCl 
is depicted in Figure 4 and the crystal data and structure refinement parameters are summa-
rized in Table 1 (Experimental Section). For selected bond distances (Å) and bond angles 
(º) see Figure 4. 
 
Figure 4. ORTEP diagram (with 30 % probability level) and atom numbering scheme of 
D1bCl. The hydrogen atoms are omitted for clarity. Selected bond distances 
(Å) and bond angles (º): Si(1)-Cl1 2.059(3), Si(1)-C(l) 1.819(7), Si(1)-C(7) 
2.005(7), Si(1)-C(13) 1.887(7), Si(2)-C(4) 1.856(7), Si(2)-C(19) 2.014(7), 
Si(2)-C(25) 1.892(8), Si(2)-C(3l) 1.877(7), Si(3)-C(l0) 2.003(7), Si(3)-C(37) 
1.892(8), Si(3)-C(43) 1.853(8), Si(3)-C(49) 1.854(7), Si(4)-C(16) 1.892(8), 
Si(4)-C(55) 1.853(8), Si(4)-C(6l) 1.854(8), Si(4)-C(67) 2.009(8) Si(5)-C(22) 





The most striking feature of the solid-state structure of D1bCl is its unforeseeable 
formation of self-complementary dimers. Obviously, geometry parameters (bond lengths 
and bond angles) of the three crystallographically different arms of dendron D1bCl are ar-
ranged in a form that to optimize interactions of two molecules of D1bCl. A graphical rep-
resentation of the interlocked structure of these dimers is shown in Figure 5 (above). As 
depicted there, the dimeric structure is stabilized by π-π interactions through four trimeric 
phenylene aggregates (Figure. 5 (above)), of which two (A and B, of Figure 5) are crystal-
lographically independent. The four trimeric phenylene aggregates implies that the pres-
ence of a total eight π-π interactions between phenylene ring in the dimeric structure. 
 
Type A aggregates are constructed from a terminal phenylene ring of one molecule 
of D1bCl inserted between two terminal phenylene rings from another molecule of D1bCl 
(Figure 5). Type B Aggregates are constructed from the inner phenylene ring one molecule 
of D1bCl inserted between two terminal phenylene rings of another molecule (Figure 5).  
The trimeric phenylene aggregates of D1bCl (A and B, of Figure 5) are in good 
agreement with T-shaped benzene dimers. The observed ring-to-ring angle ranges from 
64.3 to 86.4º, while the center-to-center distances amount to 4.817 - 5.549 Å and the cen-
ters of the three rings are almost in one line (center-center-center angles are 177.5 and 
176.2 º for A and B, respectively, Figure 5).  
 
The strong tendency of D1bCl to form a self-complementary dimeric structure “via 
π-π interactions” can be referred furthermore from the Si-CAr distances. According to en-
tries in the CSD database19 such distances have a mean value of 1.881 Å, a median of 
1.879 Å and the upper quartile at 1.909 Å. Noteworthy, there are only two examples of or-
ganic Si, C, H- containing compounds with Si-CAr distances longer than 2.0 Å.20 
In case of D1bCl the Si-CAr distances of Si4-C67 (2.009(8) Å) and Si2-C19 
(2.014(7) Å) are significantly elongated compared to all other Si-CAr distances of Si2 and 
Si4 (1.853(8) Å - 1.892(8) Å). Thereby, the elongated Si-CAr distances are those to the up-
per and lower rings of the trimeric phenylene aggregate A (Figure 3b). In the case of 
trimeric B (Figure 3b) the Si-CAr of the intercalating phenylene ring are significantly elon-
gated. This exceptional increase to unprecedented long Si-CAr distances is most obviously 






A     B 
 
Figure 5. pπ-pπ Interactions in dimeric D1bCl (above: solid state self-complementary 
dimeric structure displaying the location of the four trimeric phenylene aggre-
gates; below: structural details of the two crystallographically different aggre-





The IR spectra of CH2CH=CH2 end-grafted carbosilanes G0b, G0c, G0d, D0b, D0c, 
D0d D1b, D1c, D1d, G1b, G1c, D1bCl and D1cCl show characteristic absorption bands 
at ca. 1630 cm-1 for the νC=C vibrations. In the range of 800 to 840 cm-1 absorption for the 
Si-C units are found which is in agreement with allyl-functionalized carbosilanes.21 The Si-
CH3 moieties absorb at 1250 cm-1 (Si-CH3 bending).21  
 
The assignment of 1H, 13C{1H} and 29Si{1H} signals is based on signal intensities, 
13C-DEPT-135 spectra and 2D-correlation spectra (gs-HMQC for carbon and silicon and 
gs-HMBC for carbon). For NMR assignment, the atom numbering of molecules G0b, G0c, 
G0d, D0b, D0c, D0d D1b, D1c, D1d, G1b, G1c, D1bCl and D1cCl are depected in Fig-
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Figure 6. Atom numbering systems: (1) bromo allyl silanes, (2) and (3) zero generation 
dendron D0, (4) zero generation dendrimers, (5) first generation dendron D1, 




In the 1H and 13C{1H} NMR spectra of 0th generation carbosilanes G0b, G0c, G0d, 
D0a, D0b, D0c and D0d well-resolved resonance signals are observed for the respective 
organic groups. The 1H NMR spectra of these molecules show a resonance signal at ca. 
0.30 ppm which can be assigned to the SiCH3 entities. The allylic protons appear at ca. 
1.80 ppm for the SiCH2 groups, while the olefinic protons resonate at ca. 4.9 and 5.8 ppm 
for (=CH2) and (=CH), respectively. The phenylene hydrogens show typical para splitting 
in the form of two doublet-of-triplets at ca. 7.5 and 7.4 ppm for the BrC6H4Si units, while 
the protons of the SiC6H4Si building blocks give rise to a broad signal at ca. 7.5 ppm for 
D0a, D0b, D0c and D0d or a multiplet for G0b, G0c and G0d. 
 
Distinctive resonance signals are also observed in the 13C{1H} NMR spectra for the 
SiCH2CH=CH2 entities at ca. 21.5 (SiCH2), 134.0 (=CH) and 114.0 ppm (=CH2). Also, the 
aromatic carbons of Br-C6H4-Si units have well resolved signals for C-H entities at ca. 
138.0 and 131.1 ppm and for C-Br entity at 124.8 ppm. 
 
In the 29Si{1H} NMR spectra of the 0th generation compounds, a resonance signal is 
found at ca. -14.5 ppm for the inner silicon atom surrounded by four phenylene groups 
which corresponds with similar tetraphenyl silanes.22 The silicon atoms of the terminal       
-SiMe3-n(CH2CH=CH2)n units are observed at -3.7 (n = 0), -4.2 (n = 1), -5.6 (n = 2) and      
-7.8 ppm (n = 3), respectively.  
 
On the contrary of 0th generation compounds, the NMR spectra analysis for the 1st 
generation compounds G1b, G1c, D1b, D1c, D1d, D1bCl and D1cCl are more compli-
cated. For example, the 1H NMR spectra have extra signals for each organic group with 
strong dependence on concentration, solvent and temperature. Exemplary, the 1H NMR of 
SiCH3 entities of D1b in CDCl3 (Figures 7b-c) shows that the ratio relative integration of 
high-field to low-field signal decreases with a decreasing concentration (Figure 7b) and in-
creasing temperature (Figure 7c). These observations are also detected for the other groups 
in this compound. These remarks suggest that D1b forms a mixture of monomeric and self-
associated species in CDCl3. 
 
Under equilibrium condition, it is expected that the relative concentration of the self-
associated species to momeric species decreases with dilution and/or with an increasing of 




associated species while the down-field signal can be related to the monomeric species. 
The high-field shift of the resonance signal for self-associated species with respect to the 
signals for the monomeric species can be explained by the presence of the respective 
SiCH3 group in a more shielded anisotropic environment inside the self-associated species 
relative to the chloroform environment for the monomeric systems. It seems that the other 
groups in compound D1b have a similar behavior concerning the SiCH3 units, however, it 
is imposible to be completely analyzed due to spectral multiplisity.  
 
In order to prove this correlation between signals and monomeric or self-associated 
species, 1H NMR measurements of D1b were repeated in aromatic solvent (e.g., benzene-
d6). It is supposed that the aromatic solvent will reduce the concentration of the self-
associated species through competing with π-π binding interactions.23 The 1H NMR spec-
trum of D1b in benzene-d6 is shown in Figure 8. The high-field signal of self-associated 
species for SiCH3 entities in CDCl3 (Figure 8c: signal labeled D) is reduced to a low-field 
shoulder in benzene-d6 (Figures 8a-b). Therefore, this gives a support for the responsibility 
π-π interactions for self-associated species formation. As expected from decreasing the 
concentration of self-associated species with increasing temperature, this shoulder (Figure 
8b: labeled D) disappeared at a temperature of 75 ºC as described in Figure 10a. The ap-
pearance of self-associated species signal as low-field shoulder relative to the monomeric 
system signal can be attributed by weaker aromatic shielding environment inside self-
associated system of compared to the aromatic shielding environment of the benzene sol-







Figure 7. (a) 1H NMR spectrum of D1b in CDCl3 with concentration of 75 mM at 25 ºC. 
(b) Concentration dependence of the SiCH3 region (25 - 75 mM) at 25 ºC. (c) 
























































Figure 8. (a) 1H NMR spectrum of D1b in C6D6 with concentration of 12 mM at 25 ºC. 
(b) 1H NMR region for methyl groups from the spectrum (a). (c) 1H NMR sig-
nals for methyl groups of D1b in CDCl3 with concentration of 12 mM at 25 ºC. 
Label M refers to Monomer and D refers to Dimer 
 
 
To determine the structure of the self-associated species molecular mechanic calcula-
tions were performed with MM+ force field as implemented in HyperChem 4.02. The op-
timized structure for carbosilane D1b is shown in Figure 9 (a) and the dimer as self-
complementary structure in Figure 9 (b). The calculated dimeric structures for G1b, G1c, 
D1b, D1c, D1d, D1bCl and D1cCl display the same pπ-pπ interactions (Type A and B 
phenylene aggregates) as already observed in the solid state of D1bCl (Figure 5). The es-
timated core-silicon-to-core-silicon distance for the D1b dimer is 6.957 Å, while for the 
D1bCl dimer it has been determined to be 7.094 Å. The molecular mechanical optimiza-
tion data fit very well with the obtained solid state self-complementary structure of D1bCl 













  a     b 
Figure 9. Calculated molecular mechanical structure for monomeric D1b (a) and its self-
complementary structure (b). 
 
 
The proof for the self-complementary structure suggested by MM+ calculations for 
D1b dimer in solution is obtained from 1H NMR studies. Figure 10 shows 1H NMR of D1b 
at 75 ºC in benzene (a) and at -80 ºC in CD2Cl2 (b). It is expected that the monomeric spe-
cies predominate at high temperature with a solvent compete with π-π intermolecular 
forces like benzene (Figure 10a). On the other hand, non-aromatic solvents and low tem-
peratures favor the association (Figure 10b).  
 
The D1b monomer has three different types of phenylene groups, BrC6H4Si, inner 
SiC6H4Si and outer SiC6H4Si with 4, 12 and 36 protons, correspondingly. This is clear in 
the 1H NMR spectrum performed in benzene at 75 ºC (Figure 10a). In this spectrum, the 
C6H4 protons appear as two doublets at 7.75 and 7.67 ppm (J3 = 7.64 Hz), at 7.72 and 7.45 
ppm (J3 = 7.36 Hz), and at 7.37 and 7.25 ppm (J3 = 7.78 Hz) in the ratio of 12:36:4. This 
NMR spectrum also shows that there is only one type of methyl and allyl groups as it is 







On the other hand, in the self-complementary structure (Figure 9b), rotational restric-
tions result in splitting of the nine outer SiC6H4Si units into two types: three SiC6H4Si enti-
ties with 12 protons are directed toward the other complementary molecule in the dimeric 
structure while six SiC6H4Si groups with 24 protons are directed away to give in total four 
different types of phenylene protons of ratio 4:12:12:24. The 1H NMR signals of these 
groups at -80 ºC have the ratio of 4:24:12:12 (Figure 10b) which fits with the self-
complementary structure (Figure 9b).  
Similar to the outer SiC6H4Si units, the nine terminal -Si(CH3)2(CH2CH=CH2) 
groups are split into two types: three and six groups which can be deduced from Figure 9b. 
This analysis fits with the 1H NMR spectrum measured at -80 ºC which shows two types of 
methyls (36:18 protons of SiCH3) and two types allyl groups (12:6 protons of SiCH2). The 
signals of the three terminal -Si(CH3)2(CH2CH=CH2) units inside the dimer are observed at 
higher-field relative to the signals of the six terminal -Si(CH3)2(CH2CH=CH2) groups lo-
cated at the dimer surface. This can be explained by shielding the phenylene rings inside 
the dimer as compared to the CD2Cl2 environment at the surface of the dimer (Figures 5b 
and 6b). 
 
In the 1H NMR spectrum of D1b in CD2Cl2 at -80 ºC only the dimeric species is 
found. To understand the progress of monomer formation from the dimer, a series of 1H 
NMR spectra were measured from -80 to 25 ºC in 5 ºC steps. For simplicity, only the sig-
nals of the SiCH3 protons are shown in Figure 11. The 1H NMR spectra show two well-
separated signals in the ratio of 2:1 (36:18 protons) at -80 ºC. Increasing the temperature 
reduces the separation between the two signals. However, the integration ratio between the 
signals remains constant until the two signals coalescence to one broad signal at -30 ºC. 
Just near this temperature a new lower field signal appeared which is attributed to the 
methyl group of the monomer, the integration ratio of monomer methyl signal to the dimer 







Figure 10. 1H NMR spectra of D1b: a) measured in C6D6 (12 mM) at 75 ºC, b) measured 
in CD2Cl2 (12 mM) at -80 ºC. 
 
 
The physical meaning for these changes arises from increasing the kinetic energy for 
each molecule with increasing temperature against pπ-pπ intermolecular forces in the 
dimer. At -80 ºC the dimer predominates (Figure 11). This dimer has two types of methyl 
groups 12 methyls (the high-filed signal) inside the dimer and 24 methyls (low-fieled sig-
nal) at the surface of the dimer (Figure 9b). The integration ratio for signals of methyl 


























increases, the number of the dimeric species that have sufficient kinetic energy to separate 
into the monomers with freely rotating -C6H4-4-Si(CH2CH=CH2)(CH3)2 units increases. 
The presence of monomer in equilibrium with the dimer allows the exchange between the 
two types of methyl protons in the dimer. As the temperature raises, the monomer concen-
tration increases and hence, results in a faster exchange between the types of methyl 
groups in the dimer and so the separation between two signals is reduced (Figure 11: see 
the spectra from -80 to - 35 ºC). When the exchange rate becomes fast compared to the 
NMR time scale, the two methyl signals coalescence at ≈ -30 ºC. Furthermore, a faster ex-
change rate at higher temperature leads to a less broad signal. At measurable monomer 
concentration, a new signal appeared at ≈ -30 ºC which can be assigned to the monomer. 
As the monomer concentration increases with temperature rising, the relative integration of 
this signal compared to dimer signal continuously rises (Figure 11: see the spectra from -30 
to 25 ºC). 
 
The 1H NMR spectrum of carbosilane D1b in non-aromatic solvents (e.g., CDCl3) 
shows that the signals can be divided into two categories based on concentration and tem-
perature dependence. One type on the signals may be assigned to the monomer, while the 
other type belongs to the dimer. Aside of D1b, the analysis of the signal behavior for the 
methyl groups based on temperature and concentration dependence is illustrated in Figure 
12 for D1b, D1c, G1b and G1c. As it can be seen in Figure 12, the methyl signals of D1b, 
D1c, G1b and G1c appear between 0.25 to 0.27 ppm with the arrow up (↑) whereby the 
relative integration increased with increasing temperature and decreasing concentration 
and can be assigned for the monomer. On the other hand, the methyl signals with arrow 
down (↓) have a relative integration which decreases with increasing temperature and de-
creasing concentration and can be attributed to the dimer. The methyl signals of the dimer 
appear at ca. 0.12 and 0.15 ppm for D1b and D1c, respectively (Figure 12, arrow down 
(↓)). On the contrary, the G1b dimer has two methyl signals at ca. 0.27 and 0.10 ppm (Fig-
ure 12, arrow down (↓)) in the ratio of 1:3 (18:54 protons). Furthermore, G1c dimer shows 
three methyl signals at 0.27, 0.20 and 0.10 ppm (Figure 12, arrow down (↓)) in the ratio of 

































Figure 11. Temperature dependence of the SiMe proton signals of D1b in the temperature 





















Figure 12. Comparison of the methyl signals behavior for D1b, D1c, G1b and G1c: Ar-
row up (↑) integration increased with increasing temperature and decreasing 
concentration. Arrow down (↓) integration decreased with decreasing tempera-
ture and increasing concentration. 
 
 
Quantitative interpretation of the dimerization equilibrium, illustrated in Equation 1, 
can be achieved based on 1H NMR data for the compounds G1b, G1c, D1b, D1c, D1d, 
D1bCl and D1cCl. In order to calculated the equilibrium concentration of monomer ([M]) 
and dimer ([D]), the total concentration (C) (Equation 2) and relative integration (Im / ID, 
where Im: the integration of the H NMR methyl signal for the monomer, ID : the integration 
the H NMR methyl signal for dimer) were used. Based on Figure 12, Equation 3 is de-
duced to correlate between the relative integration (Im / ID) and the equilibrium concentra-
tions ([M] and [D]) for D1b and D1c (see Appendix for G1b and G1c equations). The 
dimerization constant KD (Equation 4) was calculated from of slope linear plot between the 
dimer concentration ([D]) and the square of the monomer concentration ([M]2). The calcu-
lated dimerization constant of D1b, D1c, G1b and G1c are listed in Table 2. However, the 
dimerization constants of D1d, D1bCl and D1cCl could not be calculated from 1H NMR 
data due to a very low intensity of the dimer signals. From the calculated KD values as a 
function of temperature, van’t Hoff plots of lnKD versus 1/T van’t Hoff equation (Equation 
5) were applied to obtain thermodynamic parameters for dimerization process. The calcu-
lated ∆H° and ∆S° values for D1b, D1c, G1b and G1c are given in Table 2. 
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Table 2. Dimerization constants and thermodynamic parameters for D1b, D1c, G1b and G1c. 
a) At 298 K. 
 
 
Qualitative and quantitative analysis of the 1H NMR spectra allows to divide the 
compounds into three categories: 1st: D1bCl and D1cCl, 2nd: D1b, D1c and D1d and 3rd: 
G1b and G1c. The weak dimer signals observed in the 1H NMR spectra of chlorides 
D1bCl and D1cCl indicate that these compounds have the weakest trends for dimer forma-
tion. On the other hand, dendrons D1b (KD = 20 M-1) and D1c (KD = 7.5 M-1) have a mod-
erate dimerization constant. However, dendrimers G1b and G1c have the strongest KD of 
values 540 and 340 M-1, respectively. This observation indicates that the size increase of 
the silicon core fourth substituent from -Cl (In D1bCl and D1cCl) through -C6H4-Br (In 
D1b, D1c and D1d) to -C6H4-Si(C6H4-4-Si(CH2CH=CH2)n(CH3)3-n)3 ) (n = 1 or 2, In G1b 
and G1c) favors the dimerization. This trend in the equilibrium constant can be explained 
by that larger substituent is probably prefer the favorable conformer (for D1b Figure 9a) to 
form the dimer. Furthermore, the steric effect of the allyl groups significantly modifies the 
dimerization behavior of these dendritic compounds. The largest dimerization constant is 
found for D1b (9 allyls and 18 methyls, KD = 20 M-1) which is lowered by exchanging 
some of the methyls with the larger allyl groups as it can clearly be seen for D1c (18 allyls 
Compound KD (M-1)a ∆G (kcal/mol)a ∆H° (kcal/mol) ∆S° (cal/mol·K) 
D1b 20 -1.8 ± 0.8 -9.2 ± 0.6 -25 ± 1.9 
D1c 7.5 -0.9 ± 0.9 -8.1 ± 0.6 -24 ± 2.1 
G1b 540 -3.7 ± 1.5 -7.3 ± 1.1 -12 ± 3.5 




and 9 methyls, KD = 7.5 M-1) and D1d (27 allyls and no methyls, KD < 7.5 M-1). Similarly, 
dendrimer G1b (12 allyls and 24 methyls) have larger dimerization constant than G1c (24 
Allyls and 12 methyls) (Table 2).  
 
A detailed analysis of the dimerization process for D1b, D1c, G1b and G1c is 
achieved from thermodynamic studies. As expected, the dimerization processes are en-
thalpy favored and entropy opposed. According the solid state structure analysis of D1bCl, 
the favorable enthalpy is provided by pπ-pπ interactions between 1,4-phenylene units. This 
is also supported by the effect of the aromatic solvent (e.g., benzene-d6). Aromatic solvents 
reduce the pπ-pπ interactions23 which consequently reduce the dimer formation (e.g., D1b, 
Figures 8 and 10a). 
 
The free energies for the dimerization of D1b, D1c, G1b and G1c are generally small 
(∆G ≈ -0.9 to -3.7 kcal/mol). In term of experimental error the binding enthalpy of all four 
compounds is comparable. However, the obtained values indicate that the binding enthalpy 
is slightly smaller for G1b (∆H = -7.3 (± 1.1) kcal/mol) and G1c (∆H = -7.8 (± 1.1) 
kcal/mol) as compared with D1b (∆H = -9.2 (± 0.6) kcal/mol) and D1c (∆H = -8.1 (± 0.6) 
kcal/mol). This can be explained by the presence of large -Si(C6H4-4-
Si(CH2CH=CH2)n(CH3)3-n)3 units (n = 1 or 2) in G1b and G1c which produce larger steric 
repulsion than the bromide ligand as present in D1b and D1c with intercalated arms from 
the second molecule (see Figure 9b). Nevertheless, the smaller entropic loss for G1b (∆S = 
-12 (± 3.5) cal/mol·K) and G1c (∆S = -15 (± 3.5) cal/mol·K) with respect to D1b (∆S = -25 
(± 1.9) cal/mol·K) and D1c (∆S = -24 (± 2.1) cal/mol·K) is responsible for the large in-
crease in the dimerization constant of G1b and G1c. The highly ordered monomers of G1b 
and G1c compared to the monomers of D1b and D1c are responsible for the small entropy 
loss by dimerization for G1b and G1c. This higher order of G1 monomers can be attrib-
uted to the larger steric effect of -C6H4-Si(C6H4-4-Si (CH2CH=CH2)n(CH3)3-n)3 units com-
pared to the -C6H4-Br units which drive the monomer to have a certain conformers resem-
ble the conformer within the dimer (Figure 9). 
 
The 13C{1H} NMR spectra of the 1st generation compounds G1b, G1c, D1b, D1c, 
D1d, D1bCl and D1cCl show characteristic features through some signal splitting and 
broadening. The analysis is achieved by 13C-DEPT-135 experiments and a comparison 




D0b, D0c and D0d. However, it was not possible to assign all of the carbon signals due to 
complication of broadening and splitting resulting from dimerization processes. 
 
The 13C{1H} NMR signals for the SiMe and Si-CH2CH=CH2 groups for the 1st gen-
eration carbosilanes show similar chemical shifts as observed for the 0th generation com-
pounds. Due to dimerization processes, carbosilanes D1c, G1b and G1c display splitting of 
signals of carbon signals. For example, the carbon signals for the SiMe, Si-CH2 and =CH2 
units in G1b are split into two signals found at -3.5 and -3.6 ppm for SiMe, 23.6 and 23.5 
ppm for Si-CH2 and 113.5 and 113.4 ppm for =CH2. Nevertheless, On the other hand, the 
signal splitting in D1c (SiMe: -5.7, -5.9 ppm; =CH2: 114.0, 113.9 ppm) and G1c (SiMe: -
5.8, -5.9 ppm; =CH2: 114.0, 113.9 ppm) only observed for the SiMe and =CH2 units.  
 
In order to get a clear picture for the behavior of the aromatic 13C{1H} NMR signals, 
the signals of the terminal Si-C6H4-Si units for dendritic carbosilanes G0b, G0c, G0d, 
D0a, D0b, D0c D0d, G1b, G1c, D1b, D1c, D1d, D1bCl and D1cCl are summarized in 
Table 3. As illustrated in Table 3, the C-H carbons the terminal Si-C6H4-Si units are ob-
served at 135.5 and 133.2 ppm for all dendritic carbosilane compounds. However, each 
one of these two resonance signals is split into two signals in the case of G1b, D1c and 
G1c. This splitting could be caused by the presence of these in monomeric and dimeric 
form. 
 
Moreover, the chemical shifts of the outer C-Si carbons in the terminal Si-C6H4-Si 
units (Table 3: column # 1) are directly affected by the type of the substituent at the at-
tached silicon atoms. For example, the chemical shift of the aromatic outer C-Si carbon is 
142.2 ppm in carbosilanes having three methyl groups attached to the silicon atom (C-
SiMe3: e.g., D0a). As demonstrated in Table 3 (column # 1), this signal undergo high-field 
shift when the methyl groups replaced one by one with allyl groups until it reach 137.0 
ppm for the aromatic carbon atoms connected to the silicon with three allyl groups (C-
Si(CH2CH=CH2)3: e.g. D0d, see Table 3). This carbon signal is split into two signals for 
carbosilanes D1b and G1b by the effect of dimerization process (Table 3). 
 
On the contrary of the outer C-Si carbon atoms (Table 3: column # 1), the inner C-Si 
carbon atoms (Table 3: column # 4) in the terminal Si-C6H4-Si units have almost invariable 




ble chemical shift at ca. 134.4 ppm (Table 3: column # 4). However, G1b and G1c shows 
exceptionally low-filed signal at ca. 139.1 ppm. 
 
 
Table 3: 13C NMR signals for the terminal Si-C6H4-Si rings in CDCl3 at 25 °C. 
Compound C-Si outer (ppm) C-H outer (ppm) C-H inner (ppm) C-Si inner (ppm) 
Dn0a 142.2 135.5 132.7 133.9 
Dn0b 140.5 135.5 133.0 134.2 
G0b 140.2 135.5 132.9 134.7 
D1b 140.3, 139.7 135.5 132.9 134.4, 134.2 
G1b 140.3, 140.2 135.6, 135.5 132.9, 132.8 139.6 
D1Clb 140.2 135.5 132.9 134.4 
D0c 138.9 135.4 133.2 134.3 
G0c 138.6 135.5 133.2 134.9 
D1c 138.6 135.6, 135.5 133.8, 133.3 134.6 
G1c 138.6 135.6, 135.5 133.3, 133.2 138.2 
D1Clc 138.6 135.5 133.3 134.6 
D0d 137.3 135.4 133.6 134.5 
G0d 137.0 135.5 133.8 135.0 




The 29Si{1H} NMR spectra of G1b, G1c, D1b, D1c, D1d, D1bCl and D1cCl were 
performed at ambient conditions that minimize the dimerization effect and gave well re-
solved signals.  
The 29Si{1H} NMR spectra for D1bCl and D1cCl were measured in CDCl3 at room 
temperature. In these spectra, three characteristic signals were observed. The resonance 
signals for the inner silicon atoms with structure Si(C6H4)4 resonate at ca. -14.7 ppm,22 
while the terminal -SiMe3-n(CH2CH=CH2)n units can be found at -4.6 ppm for D1bCl (n = 
1) and at -5.8 ppm for D1cCl (n = 2), respectively. These signals are similar to that of the 
0th generation carbosilanes (see page 38). The 3rd signal in spectra of both D1bCl and 
D1cCl are found at -12.8 ppm for the core silicon atom (Si(C6H4)3Cl).  
The 29Si{1H} NMR spectra of D1c and D1d were measured in CDCl3 at 55 and 50 
ºC, respectively, while 29Si{1H} NMR spectra of D1b, G1b and G1c were measured in 
C6D6 at room temperature, 75 ºC and 75 ºC, respectively. Each one of the carbosilanes 




con atoms with an almost identical structure Si(C6H4)4 appeared as two signals for D1b, 
D1c and D1d or as broad signal for G1b and G1c in the range of -14.8 to -13.3 ppm. The 
terminal -SiMe3-n(CH2CH=CH2)n units resonate at ca. -5.0 ppm for D1b and G1b (n = 1), 
at ca. -6.0 ppm for D1c and G1c (n = 2) and at ca. -8.0 ppm for D1d (n = 2). 
 
The 0th and 1st generation compounds G0b, G0c, G0d, D0a, D0b, D0c D0d, G1b, 
G1c, D1b, D1c, D1d, D1bCl and D1cCl were also studied by ESI-TOF mass spectrome-
try. However, the 1st generation molecules were failed to be ionized by ESI-TOF studies, 
while compounds D0a, D0b, D0c, D0d, G0b, G0c and G0d, when doped with K+, showed 
the respective molecular ion peaks ++ ]KM[ . Compounds D1b, G1b and D1bCl were 
studied by MALDI-TOF mass spectrometry. For dendrimers D1b and G1b the molecular 
ion peaks ++ ]AgM[  in a nitroanthracene matrix (AgOTf promoter) was found. For 
D1bCl, with a AgOTf promoter in a 2,5-dihydroxybenzoic acid matrix, gave a ion peak at 







In this work, we introduced SiC6H4Si as a carbosilane building block in the conver-
gent synthesis of a new class of 0th and 1st generation carbosilane dendrimers with dense 
shell structures. The rigidity of the phenylene group provides these dendritic carbosilanes 
with some advantage over the well known carbosilane dendrimers with the flexible ali-
phatic units, i.e. in homogenous catalysis. The crystal structures for the two dendritic car-
bosilanes G0b and D1bCl illustrate that self-assembly of these compounds are controlled 
by intermolecular π-π interactions. The 0th generation dendritic carbosilane G0b shows 
one-dimensional columnar structure. On the other hand, the three-dimensional structure 
D1bCl which is driven by rigid 1,4-phenylene units, induce the formation of a unique self-
complementary dimeric structure. This dimeric structure is stabilized by four trimeric 
phenylene aggregates in a total of eight aromatic π-π interactions. 
 
Additionally, molecular mechanic calculations (MM+) which performed for the 1st 
generation dendritic carbosilanes G1b, G1c, D1b, D1c, D1d, D1bCl and D1cCl propose 
similar self-complementary dimeric structures to that observed in the solid state structure 
of D1cCl (see page 41 & Figure 9). The formation of self-complementary dimeric structure 
in solution of the 1st generation dendritic carbosilanes was proven by NMR studies. Ge-
ometry closer to the globular shape enhances the dimerization while the steric effect for re-





General. All reactions were carried out under an atmosphere of nitrogen using standard 
Schlenk techniques. Solvents and reagents were purified and dried by distillation. Diethyl 
ether and tetrahydrofuran were refluxed with sodium-benzophenone ketyl, distilled, and 
saturated with nitrogen. The chlorosilanes were distilled from magnesium prior to use, and 
TMEDA was refluxed with calcium hydride, distilled, and saturated with nitrogen. All 
other chemicals were purchased from commercial suppliers and were used as received. IR 
spectra were recorded with a Perkin Elmer FT-IR 1000 spectrometer as films between 
NaCl plates or as KBr discs. 1H, 13C{1H} and 29Si{1H} NMR spectra were recorded with a 




tra were recorded at 250.130 MHz (internal standard relative to CDCl3, δ = 7.26 ppm and 
C6D6 = 7.16 ppm); 13C{1H} NMR spectra were recorded at 62.902 MHz (internal standard 
relative to CDCl3, δ = 77.0 ppm and C6D6 = 128.4 ppm); 29Si{1H} NMR spectra were re-
corded at 49.692 MHz (external standard relative to TMS, δ = 0.0 ppm). ESI-TOF mass 
spectra were recorded with a Mariner Biospectrometry Workstation 4.0 (Applied Biosys-
tems) with dichloromethane as solvent and potassium thiocyanate for doping. MALDI-
TOF mass spectra were performed with a Voyager-DE PRO Biospectrometry Workstation 
(Applied Biosystems) with nitroanthracene as matrix (for D1b and G1b) or 2,5-
dihydroxybenzoic acid (for D1bCl) and silver triflate as promoter. C, H microanalyses 
were performed by the Organic Department at Chemnitz, Technical University using a 
Foss Heraeus Vario EL analyzer. Melting points were measured using pure samples with a 
Gallenkamp MFB 595 010 equipment and are uncorrected. Molecular mechanic calcula-
tions were performed with the MM+ force field as implemented in the HyperChem 4.02 
program (see page 41 and Figure 9). Compound 2a,11 2d,12 3a13 and 3c14 were prepared ac-
cording to respective reference. 
 
 
Synthesis of 1-Br-C6H4-4-SiMe3-nCln (2b, n = 1; 2c, n = 2; 2d,12 n = 3) 
 
General Method: 
4-Bromophenylmagnesium bromide was prepared by the drop-wise addition of 1,4-
dibromobenzene (1.00 mol, 236 g) dissolved in diethyl ether (600 mL) to magnesium turn-
ings (1.05 mol, 25.5 g) in diethyl ether (100 mL) during 3 h. Stirring is continued at 25 ºC 
for 17 h and afterwards the reaction mixture was refluxed for 5 h. The Grignard solution 
was drop-wise added to Me3-nSiCl1+n (1.35 mol) dissolved in diethyl ether (250 mL) over 
1.5 h. The reaction mixture was refluxed for 5 h. The solution was then transferred via a 
canula from the precipitated magnesium salts and the residue was extracted with diethyl 
ether (3 x 100 mL). The combined fractions are concentrated in oil-pump vacuum to give 
crude 1-Br-C6H4-4-SiMe3-nCln. Both 2b and 2c are used without further purification. 
 
4-Bromophenyltrichlorosilane (2d)12 was purified by fractional vacuum distillation to give 




13C{1H} NMR (CDCl3): δ = 134.6 (2 C), 131.9 (2 C), 130.3 (1 C), 128.2 (1 C). 29Si{1H} 
NMR (CDCl3): δ = -1.1 (1 Si1). 
 
 
Synthesis of 1-Br-4-[Si(CH2CH=CH2)nMe3-n]-C6H4 (3a,13 n = 1; 3b, n = 2; 3c,14 n = 3) 
 
General Method: 
Allylmagnesium bromide was prepared by slow addition of allyl bromide (n × 1.00 
mol, n × 120.98 g) dissolved in diethyl ether (n × 1000 mL) to a suspension of magnesium 
turnings (n × 1.50 mol, n × 36.45 g) in diethyl ether (120 mL) during 8 h. After 2 h of stir-
ring, the allylmagnesium bromide was transferred via a canula from the excess of magne-
sium. To this solution, 1-Br-C6H4-4-SiMe3-nCln dissolved in diethyl ether (200 mL) was 
drop-wise added during 2 h. The obtained reaction mixture was refluxed for 5 h and then 
quenched with 10 % of HCl (250 mL). The organic layer was extracted with water (200 
mL), dried over magnesium sulfate and concentrated in oil-pump vacuum to gave crude 1-
Br-4-[Si(CH2CH=CH2)nMe3-n]-C6H4. 
 
1-Allyldimethylsilyl-4-bromobenze (3a)13 was purified by fractional vacuum distillation to 
give (0.39 mol, 99.80 g, 39 %, 67 - 73 ºC/0.5 mmHg) as a colorless liquid. IR (film): ν = 
3075, 2957, 2884, 1630 (m, C=C), 1573 (m, C6H4), 1479 (w, C6H4), 1251 (s, CH3 bend-
ing), 835 (s, Si-C), 803 (s, Si-C). 1H NMR (CDCl3): δ = 7.51 (dt, 8.25 Hz, 1.78 Hz, 2 H2), 
7.38 (dt, 8.25 Hz, 1.78 Hz, 2 H3), 5.76 (m, 1 H6), 4.87 (m, 2 H7), 1.75 (dt, 7.10 Hz, 1.07 
Hz, 2 H5), 0.29 (s, 6 H8). 13C{1H} NMR (CDCl3): δ = 137.4 (1 C4), 135.2 (2 C3), 134.1 (1 
C6), 130.9 (2 C2), 123.8 (1 C1), 113.7 (1 C7), 23.6 (1 C5), -3.6 (2 C8). 29Si{1H} NMR 
(CDCl3): δ = -3.9 (1 Si1). Anal. Calcd. for C11H15Si (255.23): C, 51.76; H, 5.92. Found: C, 
51.39; H, 5.75. 
 
4-Diallylmethylsilyl-1-bromobenzene (3b) was purified by fractional vacuum distillation 
to give (0.33 mol, 93.50 g, 33 %, 93 - 96 ºC/0.5 mmHg) as a colorless liquid. IR (film): ν = 
3076, 3050, 2993, 2971, 29015, 2885, 1630 (m, C=C), 1254 (m, CH3 bending), 820 (s, Si-
C), 803 (s, Si-C). 1H NMR (CDCl3): δ = 7.50 (dt, 8.20 Hz, 1.84 Hz, 2 H2), 7.37 (dt, 8.20 
Hz, 1.84 Hz, 2 H3), 5.75 (m, 2 H6), 4.89 (m, 2 H7), 4.87 (m, 2 H7), 1.80 (dt, 8.08 Hz, 1.15 




C6), 130.9 (2 C2), 124.1 (1 C1), 114.2 (2 C7), 21.4 (2 C5), -5.9 (1 C8). 29Si{1H} NMR 
(CDCl3): δ = -5.3 (1 Si1). Anal. Calcd. for C13H17BrSi (281.26): C, 55.51; H, 6.09. Found: 
C, 55.45; H, 6.08. 
 
4-Tri-allylsilyl-1-bromobenzene (3c)14 was purified by fractional vacuum distillation to 
give (0.35 mol, 107 g, 35 %, 101 - 105 ºC/0.5 mmHg) as a colorless liquid. IR (film): ν = 
3076, 3056, 2997, 2972, 2916, 2881, 1630 (s, C=C), 794 (m, Si-C). 1H NMR (CDCl3): δ = 
7.51 (dt, 8.39 Hz, 1.85 Hz, 2 H2), 7.38 (dt, 8.39 Hz, 1.85 Hz, 2 H3), 5.77 (ddt, 16.72 Hz, 
10.33 Hz, 8.07 Hz, 3 H6), 4.92 (ddt, 16.72 Hz, 2.61 Hz, 1.19 Hz, 3 H7), 4.91 (ddt, 10.33 
Hz, 2.61 Hz, 1.19 Hz, 3 H7), 1.86 (dt, 8.07 Hz, 1.19 Hz, 6 H5). 13C{1H} NMR (CDCl3): δ = 
135.8 (2 C3), 134.0 (1 C4), 133.4 (3 C6), 130.9 (2 C2), 124.3 (1 C1), 114.6 (3 C7), 19.4 (3 
C5). 29Si{1H} NMR (CDCl3): δ = -7.5 (1 Si1). ESI-TOF: m/z (rel. intensity) = 377.12 (70) 
[M +O2 + K]+ (calcd. 377.00), 361.13 (100) [M + O + K]+ (calcd. 361.00), 307.09 (22) [M 
+ H]+ (calcd. 307.05). Anal. Calcd. for C15H19BrSi (307.30): C, 58.63; H, 6.23. Found: C, 





nBuLi (2.5 M, 25.2 mmol, 10.08 mL, nhexane) was added drop-wise to 2a (25.2 
mmol, 2.310 g) dissolved in diethyl ether (100 mL) at –30 ºC. The reaction mixture was 
stirred below -10 ºC for 30 min, then TMEDA (37.8 mmol, 4.393 g, 5.71 mL) was added 
and stirring was continued for 5 min. A diethyl ether (40 mL) solution containing 2d (8.0 
mmol, 2.324 g) was added and the reaction mixture was stirred for 30 min at -10 ºC and 24 
hours at 25 ºC. The reaction mixture was quenched with water (50 mL) and the resulting 
reaction mixture was extracted with diethyl ether (100 mL). The organic layer was dried 
over magnesium sulfate and all volatiles were removed under oil-pump vacuum. The crude 
product was purified by silica gel column chromatography (nhexane, column size 4 × 35 
cm) to afford D0a (5.20 mmol, 3.286 g, 65 %, mp = 219.1 – 221.0 ºC) as a colorless solid. 
IR (KBr disc): ν = 3050, 2996, 2954, 2892, 1249 (s, CH3 bending), 1133, 839 (s, Si-C). 1H 
NMR (CDCl3): δ = 7.53 (s, 6 H6 & 6 H7), 7.52 (dt, 8.5 Hz, 1.75 Hz, 2 H2), 7.44 (dt, 8.5 Hz, 
1.75 Hz, 2 H3) , 0.28 (s, 27 H9). 13C{1H} NMR (CDCl3): δ = 142.2 (3 C8), 138.0 (2 C3), 




C9). 29Si{1H} NMR (CDCl3): δ = -14.6 (1 Si1), -3.9 (3 Si2). ESI-TOF: m/z (rel. intensity) = 
669.13 (80) [M + K]+. Anal. Calcd. for C33H43BrSi4 (631.94): C, 62.72; H, 6.86. Found: C, 





The same procedure as in the preparation of D0a was used for the synthesis of D0b: 
nBuLi (2.5 M, 27.02 mmol, 10.80 mL, nhexane), 3a (27.02 mmol, 6.890 g) in diethyl ether 
(100 mL), TMEDA (40.53 mmol, 4.710 g, 6.101 mL) and 2d (8.58 mmol, 2.492 g) in di-
ethyl ether (40 mL). The crude product was purified by silica gel column chromatography 
(nhexane, column size 4 × 35 cm) to afford D0b (5.04 mmol, 3.580 g, 59 %, mp = 99.6 - 
102.3 ºC) as a colorless solid. IR (KBr disc): ν = 3070, 3048, 2989, 2953, 2908, 2885, 
1629 (m, C=C), 1249 (m, CH3 bending), 1133, 836 (s, Si-C), 802 (s, Si-C). 1H NMR 
(CDCl3): δ = 7.53 (s, 6 H6 & 6 H7), 7.53 (dt, 8.33 Hz, 1.74 Hz, 2 H2), 7.43 (dt, 8.33 Hz, 
1.74 Hz, 2 H3), 5.79 (ddt, 16.65 Hz, 10.37 Hz, 8.06 Hz, 3 H10), 4.88 (ddt, 16.65 Hz, 2.69 
Hz, 1.06 Hz, 3 H11), 4.86 (ddt, 10.37 Hz, 2.69 Hz 1.06 Hz, 3 H11), 1.77 (dt, 8.05 Hz, 1.06 
Hz, 6 H9) 0.29 (s, 18 H12). 13C{1H} NMR (CDCl3): δ = 140.5 (3 C8), 137.9 (2 C3), 135.5 (6 
C6), 134.5 (3 C10), 134.2 (3 C5), 133.1 (1 C4), 133.0 (6 C7), 131.1 (2 C2), 124.7 (1 C1), 
113.5 (3 C11), 23.5 (3 C9), -3.6 (6 C12). 29Si{1H} NMR (CDCl3): δ = -14.6 (1 Si1), -4.6 (3 
Si2). ESI-TOF: m/z (rel. intensity) = 749.19 (100) [M + K]+. Anal. Calcd. for C39H49BrSi4 





The same procedure as in the preparation of D0a was used to prepare D0c: nBuLi 
(2.5 M, 40.5 mmol, 16.5 mL, nhexane), 3b (40.46 mmol, 11.37 g) in diethyl ether (150 
mL), TMEDA (60.75 mmol, 7.047 g, 9.13 mL) and 2d (12.85 mmol, 3.731 g) in diethyl 
ether (60 mL). The crude product was purified by silica gel column chromatography (nhex-
ane – 20% dichloromethane/nhexane, column size 4 × 45 cm) to afford D0c (9.072 mmol, 
7.150 g, 71 %, mp = 97.5 - 98.7 ºC) as a colorless solid. IR (KBr disc): ν = 3070, 3047, 




(s, Si-C). 1H NMR (CDCl3): δ = 7.55 (s, 6 H6 & 6 H7), 7.54 (dt, 8.18 Hz, 1.72 Hz, 2 H2), 
7.44 (dt, 8.18 Hz, 1.72 Hz, 2 H3), 5.81 (ddt, 16.86 Hz, 10.17 Hz, 8.05 Hz, 6 H10), 4.92 (ddt, 
16.86 Hz, 2.22 Hz, 1.31 Hz, 6 H11), 4.90 (ddt, 10.17 Hz, 2.22 Hz, 1.31 Hz, 6 H11), 1.76 (dt, 
8.05 Hz, 1.31 Hz, 12 H9), 0.32 (s, 9 H12). 13C{1H} NMR (CDCl3): δ = 138.9 (3 C8), 137.9 
(2 C3), 135.4 (6 C6), 134.3 (3 C5), 134.0 (6 C10), 133.3 (6 H7), 133.0 (1 C4), 131.0 (2 C2), 
124.8 (1 C1), 114.0 (6 C11), 21.5 (6 C9), -5.9 (3 C12). 29Si{1H} NMR (CDCl3): δ = -14.5 (1 
Si1), -5.8 (3 Si2). ESI-TOF: m/z (rel. intensity) = 827.23 (100) [M + K]+. Anal. Calcd. for 





The same procedure as in the preparation of D0a was used to prepare D0d: nBuLi 
(2.5 M, 22.3 mmol, 8.95 mL, nhexane), 3c (22.3 mmol, 6.84 g) in diethyl ether (100 mL), 
TMEDA (33.42 mmol, 3.883 g, 5 mL) and 2d (7.075 mmol, 2.055 g) in diethyl ether (40 
mL). The crude product was purified by silica gel column chromatography (hexane – 20% 
dichloromethane/nhexane, column size 4 × 35 cm) to afford D0d (2.713 mmol, 2.350 g, 38 
%, mp = 67.0 – 69.0 ºC) as a colorless solid. IR (KBr disc): ν = 3070, 3047, 2996, 2966, 
2908, 2878, 1630 (s, C=C), 1132, 794 (m, Si-C). 1H NMR (CDCl3): δ = 7.53 (s, 6 H6 & 6 
H7), 7.53 (dt, 8.42 Hz, 1.82 Hz, 2 H2) , 7.41 (dt, 8.42 Hz, 1.82 Hz, 2 H3), 5.81 (ddt, 16.93 
Hz, 10.09 Hz, 8.02 Hz, 9 H10), 4.94 (ddt, 16.93 Hz, 2.81 Hz, 1.16 Hz, 9 H11), 4.92 (ddt, 
10.09 Hz, 2.81 Hz, 1.16 Hz, 9 H11), 1.88 (dt, 8.02 Hz, 1.16 Hz, 18 H9). 13C{1H} NMR 
(CDCl3): δ = 137.9 (2 C3), 137.3 (3 C8), 135.4 (6 C6), 134.5 (3 C5), 133.7 (9 C10), 133.6 (6 
C7), 132.9 (1 C4), 131.1 (2 C2), 124.8 (1 C1), 114.4 (9 C11), 19.5 (9 C9). 29Si{1H} NMR 
(CDCl3): δ = -14.6 (1 Si1), -8.0 (3 Si2). ESI-TOF: m/z (rel. intensity) = 905.24 (22) [M + 





nBuLi (2.5 M, 35.0 mmol, 14.0 mL, nhexane) was added drop-wise to 3a (35.00 
mmol, 8.925 g) dissolved in diethyl ether (350 mL) at –30 ºC. The reaction mixture was 




in a single portion. The reaction mixture was stirred for 30 min at this temperature and then 
24 hours at 25 ºC. Afterward, it was quenched with water (100 mL) and the resulting mix-
ture was extracted with diethyl ether (100 mL). The organic layer was dried over magne-
sium sulfate and all volatile materials were removed under oil-pump vacuum. The product 
was purified by silica gel column chromatography (nhexane – 20 % dichloro-
methane/nhexane, column size 4 × 35 cm) to afford G0b (3.496 mmol, 2.550 g, 40 %, mp 
= 238 - 240 ºC) as a colorless solid. IR (KBr disc): ν = 3075, 3050, 2997 2955, 1630 (w, 
C=C), 1250 (m, CH3 bending), 1134, 835 (s, Si-C). 1H NMR (CDCl3): δ = 7.53 (m, 8 H2 & 
8 H3), 5.79 (ddt, 16.71 Hz, 10.31 Hz, 8.08 Hz, 4 H6), 4.87 (ddt, 16.71 Hz, 2.08 Hz, 1.08 
Hz, 4 H7), 4.85 (ddt, 10.31 Hz, 2.08 Hz, 1.08 Hz, 4 H7), 1.76 (dt, 8.08 Hz, 1.08 Hz, 8 H5), 
0.31 (s, 24 H8). 13C{1H} NMR (CDCl3): δ = 140.2 (4 C4), 135.5 (8 C2), 134.7 (4 C1), 134.6 
(4 C6), 132.9 (8 C3), 113.4 (4 C7), 23.6 (4 C5), -3.6 (8 C8). 29Si{1H} NMR (CDCl3): δ = -
14.6 (1 Si1), -4.4 (4 Si2). ESI-TOF: m/z (rel. intensity) = 767.30 (45) [M + K]+. Anal. 





The same procedure as in the preparation of G0b was used to synthesize G0c: nBuLi 
(2.5 M, 11.85 mmol, 4.74 mL, nhexane), 3b (11.85 mmol, 3.33 g) in diethyl ether (60 mL) 
and SiCl4 (2,962 mmol, 0.5033 g, 0.339 mL). The crude product was purified by silica gel 
column chromatography (nhexane – 20 % dichloromethane/nhexane, column size 4 × 25 
cm) to give G0c (1.020 mmol, 0.850 g, 34 %, mp = 235 - 237 ºC) as a colorless solid. IR 
(KBr disc): ν = 3070, 3047, 2989, 2967, 2907, 2878, 1630 (s, C=C), 1252 (m, CH3 ben-
ding), 1132, 820 (s, Si-C), 805 (s, Si-C). 1H NMR (CDCl3): δ = 7.53 (m, 8 H2 & 8 H3), 
5.79 (ddt, 16.86 Hz, 10.18 Hz, 8.06 Hz, 8 H6), 4.90 (ddt, 16.86 Hz, 2.76 Hz, 1.50 Hz, 8 
H7), 4.87 (ddt, 10.10 Hz, 2.76 Hz, 1.50 Hz, 8 H7), 1.82 (dt, 8.06 Hz, 1.50 Hz, 16 H5), 0.29 
(s, 12 H8). 13C{1H} NMR (CDCl3): δ = 138.6 (4 C4), 135.5 (8 C2), 134.9 (4 C1), 134.1 (8 
C6), 133.2 (8 C3), 113.9 (8 C7), 21.5 (8 C5), -5.9 (4 C8). 29Si{1H} NMR (CDCl3): δ = -14.8 
(1 Si1), -5.8 (4 Si2). ESI-TOF: m/z (rel. intensity) = 871.39 (10) [M + K]+. Anal. Calcd. for 






The same procedure as in the preparation of G0b was used for the synthesis of G0d: 
nBuLi (2.5 M, 10.00 mmol, 4.00 mL, nhexane), 3c (10.00 mmol, 3.089 g) in diethyl ether 
(50 mL) and SiCl4 (2,500 mmol, 0.42475 g, 0.286 mL). The obtained crude product was 
purified by silica gel column chromatography (nhexane – 20 % dichloromethane/nhexane, 
column size 4 × 25 cm) to give G0d (0.701 mmol, 0.657 g, 28 %, mp = 205 - 207 ºC) as a 
colorless solid. IR (KBr disc): ν = 3070, 3047, 2989, 2974, 2908, 2878, 1630 (s, C=C), 
1131, 799 (m, Si-C). 1H NMR (CDCl3): δ = 7.54 (m, 8 H2 & 8 H3), 5.81 (ddt, 16.97 Hz, 
10.04 Hz, 8.02 Hz, 12 H, =CH), 4.94 (ddt, 16.97 Hz, 3.07 Hz, 1.00 Hz, 12 H, =CH2), 4.91 
(ddt, 10.04 Hz, 3.07 Hz, 1.00 Hz, 12 H, =CH2), 1.88 (dt, 8.02 Hz, 1.00 Hz, 24 H, SiCH2). 
13C{1H} NMR (CDCl3): δ = 137.0 (4 C4), 135.5 (8 C2), 135.0 (4 C1), 133.8 (8 C3), 133.6 
(12 C6), 114.4 (12 C7), 19.5 (12 C5). 29Si{1H} NMR (CDCl3): δ = -14.8 (1 Si1), -8.0 (4 Si2). 
ESI-TOF: m/z (rel. intensity) = 975.47 (60) [M + K]+. Anal. Calcd. for C60H76Si5 (937.67): 





tBuLi (1.7 M, 6.866 mmol, 4.04 mL, npentane) was added drop-wise to D0b (3.433 
mmol, 2.437 g) in diethyl ether (25 mL) at –76 ºC. The reaction mixture was stirred at this 
temperature for 1 h. Compound 2d (1.133 mmol, 0.329 g) dissolved in tetrahydrofuran (85 
mL) was then drop-wise added and stirring was continued for 20 min at –20 ºC and then 24 
h at 25 ºC. The reaction mixture was quenched with water (50 mL) and the resulting mix-
ture was extracted with diethyl ether (100 mL). The organic layer was dried over magne-
sium sulfate and all volatile materials were removed under oil-pump vacuum. The crude 
product was purified by silica gel column chromatography (nhexane – 20% dichloro-
methane/nhexane, column size 4 × 25 cm) to give D1b (0.263 mmol, 0.545 g, 23 %, mp = 
360 ºC dec.) as a colorless solid. IR (KBr disc): ν = 3070, 3050, 2996, 2956, 2908, 2885, 
1629 (m, C=C), 1250 (m, CH3 bending), 1133, 836 (s, Si-C), 802 (s, Si-C). 1H NMR 
(C6D6, 12 mM, 75 ºC): δ = 7.75 (br d, 7.64 Hz, 6 H7), 7.72 (br d, 7.36 Hz, 18 H11), 7.67 (br 
d, 7.64 Hz, 6 H6), 7.45 (br d, 7.36 Hz, 18 H10), 7.37 (br d, 7.78 Hz, 2 H2), 7.25 (br d, 7.78 




4.85 (br d, 10.25 Hz, 9 H15), 1.69 (br d, 7.99 Hz, 18 H13), 0.31 (s, 54 H16). 13C{1H} NMR 
(CDCl3, 30 mM, 25 ºC): δ = 140.3 (C12), 139.7 (C12), 138.0 (2 C3), 136.0 (3 C8), 135.7 (6 
C6), 135.5 (18 C10), 135.3 (C4), 134.6 (C9), 134.5 (9 C14), 134.4 (C9), 134.3 (C9), 134.2 
(C5), 134.0 (C5), 132.9 (18 C11), 132.7 (6 C7), 131.1 (2 C2), 124.8 (1 C1), 113.4 (9 C15), 
23.5 (9 C13), -3.6 (18 C16). 29Si{1H} NMR (C6D6, 30 mM, 25 ºC): δ = -14.0 (3 Si2), -13.7 
(1 Si1), -4.9 (9 Si3). MALDI-TOF MS for C123H151AgBrSi13 Calcd: 2181.7, Found: 2181.9. 





The same procedure as discussed for the preparation of D1b was used in the synthe-
sis of D1c: tBuLi (1.7 M, 7.134 mmol, 4.2 mL, npentane), D0c (3.567 mmol, 2.808 g) in 
diethyl ether (25 mL) and 2d (1.133 mmol, 0.329 g) in tetrahydrofuran (85 mL). The crude 
material was purified by silica gel column chromatography (nhexane – 20% dichloro-
methane/nhexane, column size 4 × 25 cm) to give D1c (0.299 mmol, 0.691 g, 26 %, mp =  
355 ºC dec.) as a colorless solid. IR (KBr disc): ν = 3070, 3051, 2996, 2967, 2908, 2878, 
1630 (m, C=C), 1252 (m, CH3 bending), 1133, 820 (s, Si-C), 805 (s, Si-C). 1H NMR 
(C6D6, 12 mM, 75 ºC): δ = 7.73 (br d, 7.52 Hz, 6 H7), 7.72 (br d, 7.90 Hz, 18 H11), 7.66 (br 
d, 7.52 Hz, 6 H6), 7.46 (br d, 7.90 Hz, 18 H10), 7.35 (br d, 8.22 Hz, 2 H2), 7.24 (br d, 8.22 
Hz, 2 H3), 5.74 (ddt, 16.91 Hz, 10.12 Hz, 7.94 Hz, 18 H14), 4.87 (ddt, 16.91 Hz, 1.95 Hz, 
1.10 Hz, 18 H15), 4.85 (ddt, 10.12 Hz, 1.95 Hz, 1.10 Hz, 18 H15), 1.74 (dt, 7.95 Hz, 1.10 
Hz, 18 H13), 0.23 (s, 27 H16). 13C{1H} NMR (CDCl3, 22 mM, 25 ºC): δ = 138.6 (9 C12), 
138.3 (3 C8), 138.0 (2 C3), 136.9 (1 C4), 135.7 (6 C6), 135.6 (C10), 135.5 (C10), 134.6 (9 
C9), 134.3 (3 C5), 134.1 (18 C14), 133.8 (6 C7), 133.3 (C11), 133.1 (C11), 131.1 (2 C2), 124.9 
(C1), 124.8 (C1), 114.0 (C15), 113.9 (C15), 21.5 (18 C13), -5.7 (C16), -5.9 (C16). 29Si{1H} 
NMR (CDCl3, 55 ºC): δ = -14.8 (3 Si2), -13.4 (1 Si1), -5.9 (9 Si3). Anal. Calcd. for 







The same procedure as applied in the synthesis of D1b was used in the preparation of 
D1d: tBuLi (1.7 M, 3.964 mmol, 2.33 mL, npentane), D0d (1.982 mmol, 1.714 g) in diethyl 
ether (20 mL) and 2d (0.654 mmol, 0.190 g) in tetrahydrofuran (60 mL). The obtained ma-
terial was purified by silica gel column chromatography (nhexane – 20% dichloro-
methane/nhexane, column size 2 × 25 cm) to give D1d (0.0550 mmol, 0.140 g, 8.4 %, , mp 
= 350 ºC dec) as a colorless solid. IR (KBr disc): ν = 3070, 3048, 2996, 2967, 2915, 2878, 
1630 (m, C=C), 1133, 798.2 (m, Si-C). 1H NMR (C6D6, 55 ºC, 10mM): δ = 7.73 (br d, 7.99 
Hz, 18 H11), 7.72 (br d, 7.81 Hz, 6 H7), 7.62 (br d, 7.81 Hz, 6 H6), 7.48 (br d, 7.99 Hz, 18 
H10), 7.32 (br d, 8.38 Hz, 2 H2), 7.22 (br d, 8.38 Hz, 2 H3), 5.76 (ddt, 16.92 Hz, 10.07 Hz, 
7.98 Hz, 27 H14), 4.91 (ddt, 16.92 Hz, 2.02 Hz, 1.16 Hz, 27 H15), 4.87 (ddt, 10.07 Hz, 2.02 
Hz, 1.16 Hz, 27 H15), 1.79 (dt, 7.98 Hz, 1.16 Hz, 54 H13). 13C{1H} NMR (CDCl3, 25 ºC, 30 
mM): δ = 138.0 (2 C3), 137.1 (9 C12), 135.8 (6 C6), 135.6 (6 C7), 135.5 (18 C10). 134.8 (9 
C9), 134.4 (3 C8), 133.7 (27 C14), 133.6 (18 C11), 132.9 (1 C4), 132.7 (3 C5), 131.1 (2 C2), 
124.9 (1 C1), 114.4 (27 C15), 19.5 (27 C13). 29Si{1H} NMR (CDCl3, 50 ºC, 20 mM): δ = -
14.7 (3 Si2), -14.3 (1 Si1), -8.0 (9 Si3). Anal. Calcd for C157H187BrSi13 (2543.20): C, 75.09; 





tBuLi (1.7 M, 16.2 mmol, 9.53 mL, npentane) was drop-wise added to D0b (8.1 
mmol, 5.752 g) dissolved in diethyl ether (40 mL) at –76 ºC. The reaction solution was 
stirred at this temperature for 1 h then TMEDA (8.5 mmol, 0.0.9877 g, 1.283 mL) was 
added and stirring was continued for 5 min. SiCl4 (2 mmol, 0.3398 g, 0.23 mL) dissolved 
in tetrahydrofuran (120 mL) was drop-wise added, then stirring was continued for 20 min 
at –20 ºC and 24 hours at 25 ºC. The reaction mixture was quenched with water (100 mL) 
and the resulting mixture was extracted with diethyl ether (150 mL). The organic layer was 
dried over magnesium sulfate and all volatile materials were removed under oil-pump vac-
uum. The crude product was purified by silica gel column chromatography (nhexane – 20 
% dichloromethane/nhexane, column size 4 × 45 cm) to give G1b (0.824 mmol, 2.100 g, 
41 %, mp = 380 ºC dec.) as a colorless solid. IR (KBr disc): ν = 3070, 3050, 2996, 2955, 




NMR (C6D6, 75 ºC, 7.8 mM): δ = 7.90 – 7.18 (m, 8 H2 & 8 H3 & 24 H6 & 24 H7), 5.74 (m, 
12 H10), 4.86 (br d, 17.00 Hz, 12 H11), 4.85 (br d, 10.00 Hz, 12 H11), 1.69 (br d, 7.75 Hz, 
24 H9), 0.21 (br s, 72 H12). 13C{1H} NMR (CDCl3, 21.6 mM, 25 ºC): δ = 140.3 (C8), 140.2 
(C8), 139.6 (12 C5), 135.6 (C6), 135.5 (C6), 135.2 (4 C4), 134.7 (4 C1), 134.6 (8 C2), 134.3 
(12 C10), 132.9 (C7), 132.8 (C7), 132.7 (8 C3), 113.5 (C11), 113.4 (C11), 23.6 (C9), 23.5 (C9), 
-3.5 (C12), -3.6 (C12). 29Si{1H} NMR (C6D6, 75 ºC, 10 mM): δ = -14.3 (br, 1 Si1 & 4 Si2), -
5.0 (12 Si3). MALDI-TOF MS for C156H196AgSi17 Calocd: 2656.1, Found: 2655.7. Anal. 





tBuLi (1.7 M, 2.64 mmol, 1.55 mL, npentane) was added drop-wise to Dn0c (1.32 
mmol, 1.040 g) dissolved in diethyl ether (7 mL) at –76 ºC. The reaction solution was 
stirred at this temperature for 1 h, then TMEDA (1.98 mmol, 0.230 g, 0.30 mL) was added 
and stirring was continued for 5 min. The resulting reaction mixture was diluted with tetra-
hydrofuran (15 mL) and afterward SiCl4 in tetrahydrofuran (43.6 mM, 0.30 mmol, 6.88 
mL) was added and stirring was continued for 20 min at this temperature and 24 hours at 
25 ºC. The reaction mixture was quenched with water (50 mL) and then extracted with di-
ethyl ether (100 mL). The organic layer was dried over magnesium sulfate and all volatiles 
were removed under oil-pump vacuum. The crude product was purified by column chroma-
tography (nhexane – 20 % dichloromethane/nhexane, column size 4 × 25 cm) to give G1c 
(0.061 mmol, 0.173 g, 20 %, , mp = 375 ºC dec.) as a colorless solid. IR (KBr disc): ν = 
3070, 3052, 2996, 2967, 2915, 2878, 1630 (m, C=C), 1252 (m, CH3 bending), 1132, 817 
(s, Si-C), 806 (s, Si-C). 1H NMR (C6D6, 75 ºC, 3.8 mM): δ = 7.73 (m, 8 H2 & 8 H3), 7.71 
(br d, 7.63 Hz, 24 H7), 7.45 (br d, 7.63 Hz, 24 H6), 5.75 (m, 24 H10), 4.88 (br d, 17.63 Hz, 
24 H11), 4.86 (br d, 9.63 Hz, 24 H11), 1.74 (br d, 8.00 Hz 48 H9), 0.23 (br s, 36 H12). 
13C{1H} NMR (CDCl3, 19.2 mM): δ = 138.6 (12 C8), 138.2 (12 C5), 135.6 (C6), 135.5 
(C6), 134.7 (4 C4), 134.4 (4 C1), 134.1 (24 C10),133.8 (8 C2), 133.3 (C7), 133.2 (C7), 133.1 
(8 C3), 114.0 (C11), 113.9 (C11), 21.5 (24 C9), -5.8 (C12), -5.9 (C12). 29Si{1H} NMR (C6D6, 
75 ºC, 8.7 mM): δ = -14.4 (br, 1 Si1 & 4 Si2), -6.0 (12 Si3). Anal. Calcd. for C180H220Si17 





Tris{4-[tris(4-allyldimethylsilylphenyl)silyl]-phenyl}silyl chloride (D1bC1) 
 
tBuLi (1.7 M, 2.00 mmol, 1.18 mL, npentane) was added drop-wise to D0b (1.00 
mmol, 0.710 g) dissolved in diethyl ether (7 mL) at –76 ºC. The reaction solution was 
stirred at this temperature for 1 h and then diluted with tetrahydrofuran (60 mL). SiCl4 dis-
solved in tetrahydrofuran (0.0436 M, 0.30 mmol, 6.88 mL) was drop-wise added and stir-
ring was continued for 20 min at this temperature and then 24 hours at 25 ºC. The reaction 
mixture was quenched with water (50 mL) and then extracted with diethyl ether (100 mL). 
The organic layer was dried over magnesium sulfate and all volatiles were removed under 
oil-pump vacuum. The crude product was purified by dissolving in dichloro-
methane/npentane of ratio 1 : 9 (50 mL) to afford on cooling to -30 ºC pure D1bCl (0.170 
mmol, 0.332 g, 57 %, , mp = 345 ºC dec.), colorless solid. IR (KBr disc): ν = 3070, 3050, 
2996, 2955, 2908, 1629 (m, C=C), 1250 (m, CH3 bending), 1133, 837 (s, Si-C), 802 (s, Si-
C). 1H NMR (C6D6, 10 mM, 75 ºC): δ = 7.72 (m, 30 H, 6 H2 & 6 H3 & 18 H7), 7.45 (br d, 
7.50 Hz, 18 H6), 5.75 (m, 9 H10), 4.87 (m, 9 H11), 4.85 (m, 9 H11), 1.69 (brd, 8.00 Hz, 18 
H9), 0.21 (s, 54 H12). 13C{1H} NMR (CDCl3): δ = 140.2 (9 C8), 136.4 (3 C1), 136.1 (3 C4) 
135.7 (6 C3), 135.5 (18 C6), 134.5 (9 C10), 134.4 (9 C5), 134.2 (6 C2), 132.9 (18 C7), 113.4 
(9 C11), 23.5 (9 C9), -3.6 (18 C12). 29Si{1H} NMR (CDCl3): δ = -14.7 (3 Si2), -12.7 (1 Si1), 
-4.6 (9 Si3). MALDI-TOF MS for C124H152O4Si13 Calocd: 2069.9, Found: 2069.7. Anal. 
Calcd. for C117H147ClSi13 (1953.98): C, 71.92; H, 7.58. Found: C, 71.58; H, 7.49. 
 
 
Tris{4-[tris(4-diallylmethylsilylphenyl)silyl]-phenyl}silyl choride (D1cCl) 
 
The same procedure as discussed for the synthesis of D1bCl was used in the prepara-
tion of D1cCl: tBuLi (1.7 M, 6.00 mmol, 3.53 mL, npentane), D0c (3.00 mmol, 2.361 g) in 
diethyl ether (20 mL), tetrahydrofuran (170 mL) and SiCl4 in tetrahydrofuran (0.0436 M, 
0.75 mmol, 17.2 mL). The obtained product was purified by dissolving it in a mixture of 
dichloromethane/npentane in the ratio of 1 : 9 (100 mL) to give on cooling to -30 ºC pure 
D1cCl (0.3690 mmol, 0.8075 g, 49 %, , mp = 340 ºC dec.) as a colorless solid. IR (KBr 
disc): ν = 3070, 3052, 2996, 2967, 2908, 2878, 1630 (m, C=C), 1252 (m, CH3 bending), 
1133, 820 (s, Si-C), 805 (s, Si-C). 1H NMR (C6D6, 9.5 mM, 75 ºC): δ = 7.72 (m, 6 H2 & 6 
H3 & 18 H7), 7.47 (m, 18 H6), 5.75 (ddt, 17.32 Hz, 9.69 Hz, 7.83 Hz, 18 H10), 4.88 (ddt, 




(dt, 7.83 Hz, 1.13 Hz, 18 H9), 0.23 (s, 27 H12). 13C{1H} NMR (CDCl3): δ = 138.6 (9 C8), 
136.4 (3 C1), 136.2 (3 C4), 135.7 (6 C3), 135.5 (18 C6), 134.6 (9 C5), 134.2 (6 C2), 134.1 
(18 C10), 133.3 (18 C7), 113.7 (18 C11), 21.5 (18 C9), -5.9 (9 C12). 29Si{1H} NMR (CDCl3): 
δ = -14.7 (3 Si2), -12.8 (1 Si1), -5.8 (9 Si3). Anal. Calcd. for C135H165ClSi13 (2188.32): C, 
74.10; H, 7.60. Found: C, 72.96; H, 7.51. 
 
 
X-ray structure determination 
 
Crystallographic data for G0b and D1bCl are summarized in Table 1. Data for G0b 
were collected on a Bruker Smart 1k CCD diffractometer and for D1bCl on a Stoe IPDS-
II/2T diffractometer, both by using graphite monochromatized Mo-Kα radiation (λ = 
0.71073 Å). The structures were solved by direct methods with the program SHELXS-9724 
and structure refinement was done by least-square based F2 using SHELXL-97.25 
 
For G0b all non-hydrogen atoms were refined anisotropically at their local positions. 
Six allyl and two methyl groups are disordered and have been refined to split occupancies 
of 0.71/0.29 (C21, C22), 0.53/0.47 (C32, C33), 0.70/0.30 (C54, C55), 0.51/0.49 (C87, 
C88), 0.66/0.34 (C95, C96), 0.66/0.34 (C98, C99) and 0.70/0.30 (C109, C110), respec-
tively. 
 
For D1bCl all silicon atoms, the chlorine atom and the Cph atoms have been refined 
anisotropically. The carbon atoms of the methyl and allyl groups at the terminal silicon at-
oms (C73 - C117) have been refined isotropically. The hydrogen atoms positions have 





Table 1. Crystal data and structure refinement parameters for G0b and D1bCl. 
 G0b D1bCl 
Empirical formula C44H60Si5 C117H147ClSi13 
Formula weight 729.37 1953.97 
Crystal size (mm) 0.4 x 0.1 x 0.05  0.3 x 0.2 x 0.2 
Crystal system monoclinic triclinic 
Space group I2 1P  
a (Å) 38.835(4) 15.924(3) 
b (Å) 7.6036(8) 20.715(4) 
c (Å) 38.877(4) 22.138(4) 
α (º) 90 69.73(3) 
β (º) 90.076(5) 69.58(3) 
γ (º) 90 73.15(3) 
Volume (Å3) 11480(2) 6300(2) 
Z 10 2 
dcalc (g/cm3) 1.055 1.030 
Temperature (K) 183(2) 103 (2) 
µ, mm-1 0.182 0.195 
F(000) 3940 2096 
Data collected, θ(min/max)(º) 1.48/26.50 3.26/24.41 
index range -48 ≤ h ≤ 48, -9 ≤ k ≤ 9, 0 ≤ l ≤ 48 -17 ≤ h ≤ 18, -22 ≤ k ≤ 24, 0 ≤ l ≤ 25 
Reflection collected, unique 48611, 23423  46663, 18053 
Rint 0.1256 0.0860 
Data/restraints/params 23419/256/1268 18025/828/1198 
R1 [I > 2σ(I)]/all dataa 0.0935/0.1733 0.1240/0.1617 
wR2 [I > 2σ(I)]/all datab 0.2090/0.2527 0.3206/0.3513 
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Hydroxy- and Boronic-Acid-Functionalized Car-






Crystalline phase molecular networks can be constructed from appropriately de-
signed sub-units (molecular tectons).1 Tectons are molecules that consist of multiple pe-
ripheral recognition groups, which are capable to form revisable intermolecular forces such 
as van der Waals, electrostatic, π-π, hydrogen and coordination bonding, linked to a core 
that hold them in a proper orientation.1a,2,3 As a molecular tecton, for example, M(C6H4-4-
B(OH)2)4 (M = C, Si) and Si(C6H4-4-OH)4 form open three-dimensional structures with 
significant internal volumes for the inclusion of guest molecules.3  
 
Optically inactive molecules can induce crystallization into a chiral crystal structure.4 
Koshima et al. (2005) reported that the probability to generate chirality in the crystalliza-
tion of achiral molecules is ca. 8.0 % based on the analysis of the Cambridge structural da-
tabase,4a and can be produced by the crystallization in a chiral conformer, helical arrange-
ment or formation of a head-to-head stacking columnar arrangement.4a 
 
Against this background, we are interested in the formation of molecular network 
packing structures by hydrogen-bond molecular recognition of carbosilanes having termi-
nal hydroxy functionalities. We here report on the synthesis of PhMeSi((CH2)3X)2 (X = 
B(OH)2, OH), Si(C6H4-4-SiMe2((CH2)3B(OH)2)4 and Si(C6H4-4-SiMe3-n((CH2)3OH)n)4 (n 
= 1, 2, 3), respectively. The solid state structure of Si(C6H4-4-SiMe2(CH2)3OH)4 is dis-




Result and discussion 
 
The synthesis methodology to prepare multifunctionalized alcohols and boronic acids 
of type PhMeSi((CH2)3X)2 (2, X = B(OH)2; 3, X = OH) from the diallyl carbosilane 




















Scheme 1. Synthesis of 2 and 3 from 1. 
 
 
The hydroboration of 1 is possible by either its reaction with HBBr2·SMe2 (synthesis 
of 2) or BH3·S(CH3)2 (synthesis of 3). Refluxing a reaction solution containing 1 and 
HBBr2·SMe2 in dichloromethane for 2 hours gave PhMeSi((CH2)3BBr2)2 which after hy-
drolysis produced the corresponding boronic acid PhMeSi((CH2)3B(OH)2)2 in an over-all 
yield of 89 % (Scheme 1).5 After appropriate workup, molecule 2 could be isolated as a 
colorless solid dissolving in polar organic solvents such as tetrahydrofuran and diethyl 
ether. For the synthesis of 3, carbosilane 1 was reacted with BH3·S(CH3)2 in tetrahydrofu-
ran. In-situ formed PhMeSi((CH2)3BH2)2 was then oxidized with H2O2 to yield 3, which 
after appropriate work-up, could be isolated as a colorless liquid in 91 % (Scheme 1).6 
 
Based on these studies, Si(C6H4-4-SiMe3-n(CH2CH=CH2)n)4 was also subjected to 
hydroboration–hydrolysis and hydroboration–oxidation cycles by applying the same reac-
tion methodology as for 2 and 3, respectively (Scheme 2). After appropriate work-up, 
molecules Si(C6H4-4-SiMe2((CH2)3B(OH)2)4 (5) and Si(C6H4-4-SiMe3-n((CH2)3OH)n)4 (6a, 




in quantitative yield, alcohols 6a – 6c were formed in moderate (6b, 82 %; 6c, 72%) to ex-
cellent (6a, 98 %) yield. Molecule 6a with four end-grafted hydroxy units dissolves in or-
ganic solvents such as dichloromethane, chloroform and diethyl ether, 6b featuring with a 
total of eight hydroxy end-grafted groups dissolves in tetrahydrofuran and dimethyl sulfox-
ide, while 6c containing twelve hydroxy functionalities only sparingly dissolves in highly 
polar organic solvent including dimethyl sulfoxide, In water molecules 6a - 6c are insolu-











4a: n = 1
4b: n = 2
4c: n = 3
6a: n = 1
6b: n = 2



































Compounds 2, 3, 5 and 6a - 6c were characterized by IR, 1H, 13C{1H} and 29Si{1H} 
NMR spectroscopy. The boric acids 2 and 5 were additionally studied by 11B{1H} NMR 
spectroscopy. Also ESI-TOF mass spectrometric measurements were carried out and the 
solid state structure of 6a was determined by single X-ray structure analysis (vide infra). 
 
IR spectroscopy was used to monitor the progress of the hydroboration of 1 and 4 
with HBBr2·SMe2 and BH3·SMe2, respectively, since the νC=C vibration of the allylic units 
in the starting compounds 1 and 4a - 4c at ca. 1630 cm-1 disappears in the course of the re-
action. The terminal hydroxy functionalities in 2, 3, 5 and 6a - 6c give rise to a broad band 
found between 3290 and 3370 cm-1 which is characteristic for this type of units.8 Since 
broad absorptions are observed in the IR spectra hydrogen-bridge formation and hence, 
formation of molecular networks is obvious.9 Further distinguished, very strong bands are 
found in the region of 860 - 760 cm-1 which can be assigned to νSi-C vibrations. Carbosi-
lanes having SiMe units show an additional characteristic absorption at 1250 cm-1 for the 
methyl deformation vibration can also be used.8 The C-B and B-O units in 2 and 5 show 
characteristic vibrations in the region of 620 - 1270 cm-1 and 1310 - 1380 cm-1, respec-
tively.8 
 
1H and 13C{1H} NMR spectroscopy can also be used to show the success of the hy-
drobration reactions. The representative resonance signals for the SiCH2CH=CH2 groups in 
1 and 4a - 4c at 1.80 (SiCH2), 4.90 ppm (H2C=) and 5.80 (CH=) (measured in CDCl3) dis-
appear on hydroboration. After oxidation with H2O2 new signals are found at 0.75 
(SiCH2CH2CH2OH), 1.44 (SiCH2CH2CH2OH), 3.36 (SiCH2CH2CH2OH) and 4.42 ppm 
(SiCH2CH2CH2OH) for alcohols 3 and 6a - 6c (measured in dmso-d6). On the other hand, 
compounds 2 and 5 containing B(OH)2 end-grafted units show their resonances at 0.68 
(SiCH2CH2CH2B(OH)2), 0.76 (SiCH2CH2CH2B(OH)2), 1.40 (SiCH2CH2CH2B(OH)2) and 
7.39 ppm (SiCH2CH2CH2B(OH)2) (measured in dmso-d6), respectively. Similar trends are 
found in the 13C{1H} NMR spectra of 2, 3, 5 and 6a – 6c (Experimental Section). 
 
Furthermore, 29Si{1H} NMR spectroscopic measurements were carried out with the 
newly synthesized species 2, 3, 5 and 6a – 6c (Experimental Section). For example, the 
29Si{1H} NMR spectrum for 4a measured in CDCl3 shows two signals at -14.6 and -4.4 
ppm which can be assigned to the core and terminal silicon atoms, respectively (Experi-




silicon signal appeared at -14.9 ppm almost unaffected, while the signal for the terminal 
silicon atoms shifted to -2.4 ppm. Due to insolubility of compounds 5, 6b and 6c in CDCl3 
the NMR measurements had to be performed in dmso-d6. The two 29Si{1H} NMR signals 
for 6a are high-field shifted and are found at -15.5 and -2.5 ppm. Similarly, the core silicon 
atom for compounds 5, 6a, 6b and 6c appear at -15.5 ppm. So, the environment for the 
core silicon atom is almost equivalent to that of the starting Si-allyl compound and a small 
shift from -14.8 ppm10a to -15.5 ppm is observed.  
The terminal Si groups in alcohols 3, 6a, 6b and 6c are observed at -1.3, -2.5, -1.2 
and -0.5 ppm, while the core Si atom are not significantly influenced and show their reso-
nances at almost the same chemical shift as the starting Si-allyl compound (the small shift 
≈ 0.5 - 1.0 ppm arised from the dmso-d6 effect).10b The 29Si{1H} NMR signal for boronic 
acid 2 (-3.3 ppm) and 5 (-3.5 ppm) are high-field shifted, when compared to the appropri-
ate HO-terminated carbosilanes 3 and 6a (Experimental section) is in agreement with simi-
lar compounds.10b 
 
The identity of boronic acids 2 and 5 was also proved by 11B{1H} NMR spectros-
copy. A signal, typical for this type of species, was found at 30 ppm.11 
 
ESI-TOF mass spectrometric measurements were carried out for 2, 3, 5 and 6a – 6c. 
Ionization was achieved by doping with K+. The alcohols 3 and 6a - 6c show the expected 
molecular ion peak ++ ]KM[ , however, for the boronic acids 2 and 5 dissolved in 
tetrahydrofuran and doped with KSCN the ion +−+ 2H]KSCN[M  was found. 
 
Single crystals of 6a suitable for X-ray structure determination could be obtained by 
vapor-phase diffusion of nhexane into a dichloromethane solution containing 6a at 25 ºC. 
6a crystallizes in the non-centrosymmetric chiral orthorhombic space group P212121. 
Achiral 6a adopts a chiral conformer in the solid state having a non-superimposed image as 
result of the absence of any improper axis (Sn) of symmetry. The molecular structure of 6a 
in the solid state is shown in Figure 1 together with selected geometrical details. The ex-








Figure 1. ORTEP-diagram (50 % probability level) of 6a with the atom numbering 
scheme. The hydrogen atoms are omitted for clarity. Selected bond distances 
(Å) and bond angles (º): Si(1)-C(l) 1.868(6), Si(1)-C(7) 1.883(7), Si(1)-C(13) 
1.872(6), Si(1)-C(19) 1.870(6); C(1)-Si(1)-C(7) 110.2(3), C(1)-Si(1)-C(13) 
108.1(3), C(1)-Si(1)-C(19) 111.2(3), C(7)-Si(1)-C(13) 110.0(3), C(7)-Si(1)-
C(19) 106.5(3), C(13)-Si(1)-C(19) 110.9(3) 
 
 
In the solid state, molecule 6a forms a 2-dimensional network structure. pπ-pπ Inter-
actions between single molecules of 6a are responsible for the formation of a closely 
packed 1-dimensional columnar structure with intertectonic distances between the succes-
sive tetrahedral silicon centers of 7.476 Å (Figure 2). Each phenylene ring 6a is thereby 
involved in a pπ-pπ contact to one phenylene ring of neighboring molecules. The distances 
between the centers of interacting phenylene rings and the interplanar angles are summa-
rized in Table 2 and are in the range typically observed for T-shaped benzene dimers.12 




page 31-33). The introduction of hydroxyl groups in 6a induces the formation of a two-
dimensional network from one-dimensional columns. 
 
 
Figure 2. One-dimensional columnar structure of 6a molecules including π-π interactions 
between phenylene rings of successive molecules (Lable A refers to atoms be-
longing to the second molecule of 6a along the column) 
 
 
Table 2. Details of π-π interactions between 6a through the columnar structure. 
Phenyl ringa) Phenyl ring b)  Distance (Å)c) Angle (º)e) 
C7-C12 C13A-C18A 5.218 68.2 
C19-C24 C1A-C6A 5.079 63.9 
a) Phenyl ring of chosen molecule in the columnar structure. b) Label “A” represent the phenyl ring of the 
neighboring molecule. e) Distances are calculated measured between phenyl rings. e) Angles between 
phenyl ring planes. 
 
 
The 2-dimensional network of 6a is generated by intermolecular hydrogen bond for-
mation between the hydroxyl groups on the neighboring columnar structures. Figure 3 
shows the interaction between two adjacent columnar structures (side view (a) and front 
view (b)).Through the 2-dimensional network formation, the intertectonic distance be-





PLATON13a was used to verify the presence of intermolecular hydrogen bonds (O-
H···O) between neighboring columnar structures. However, it did not sense any presence 
for hydrogen bond connections. The failure of PLATON to detect the Hydrogen bonds can 
be attributed to that the positions of hydroxyl protons could not be determined precisely. 
Nevertheless, the terminal hydroxyl groups of individual columnar structures are oriented 
to each other as depicted in Figure 3b which gave a strong indication for the presence hy-
drogen bonds between adjacent columnar structures. Therefore, the hydrogen bonds was 
confirmed based on short O···O distance (< 3 Å)13 analysis between each two adjacent ad-
jacent columnar structures. The O···O distances for all of the disordered oxygens O1 to O4 
are summarized in Table 3. The analysis based on the short O···O distances (Table 3) 
shows that there are only two possible hydrogen bonds (O-H···O) interactions between 
neighboring columns for each molecule: O1···O3A and O4···O2A (label A represents the 
oxygen atom of the molecules within the neighboring columnar structure). The 1st interac-
tion (O1···O3A) only occasionally present between molecules of the two columns just 
when both O1 and O3A in the disordered positions (see entry # 1 of Table 3). On the other 
hand, there is always one hydrogen bonds O-H···O between O4 and O2A for each molecule 
due to suitable contact distance between all disordered positions of the both oxygen O4 and 
O2A as demonstrated in the entries 2 to 5 of the Table 3. 
 
 
Table 3. Details of O···O distances between two adjasunt columnar structures of 6a. 
# Oxygena Oxygen on the adjacent columna, b Distance (Å) 
1 O1’ O3’A 2.860 
2 O4 O2A 2.968 
3 O4 O2’A 2.914 
4 O4’ O2A 2.731 
5 O4’ O2’A 2.794 
a) Label “’” represents the disordered position of the oxygen atoms. b) Label “A” represents the oxygen atom 



















































































































































































































































































In this study, allyl-functionalized carbosilane of type PhMeSi(CH2CH=CH2)2 (1) and 
Si(C6H4-4-SiMe3-n(CH2CH=CH2)n)4 (n = 1, 2, 3) were converted to alcohols by hydrobora-
tion–oxidation and boronic acids by hydroboration-hydrolysis cycles. Molecules 
PhMeSi((CH2)3B(OH)2)2, Si(C6H4-4-SiMe2((CH2)3B(OH)2)4, PhMeSi((CH2)3OH)2 and 
Si(C6H4-4-SiMe3-n((CH2)3OH)n)4 (n = 1; 2; 6c, 3) were obtained in a straightforward pro-
cedure. Achiral tecton 6a crystallizes in the non-centrosymmetric chiral orthorhombic 
space group P212121. The crystals of 6a showed a 2-dimensional network structure set-up 
by hydrogen bond formation and π-π interactions. Through the π-π interactions between 
the phenyl rings, molecules of 6a arranged to form 1-dimensional columnar structures. 
These columnar structures matches the structure of precursor allyl compound 4a.12b The 






General Procedures. All reactions were carried out under an atmosphere of nitrogen using 
standard Schlenk techniques. Solvents were purified and dried by distillation. Diethyl ether 
and tetrahydrofuran were refluxed with sodium-benzophenone ketyl, distilled, and satu-
rated with nitrogen. IR spectra were recorded with a Perkin Elmer FT-IR 1000 spectrome-
ter as films between NaCl plates or as KBr discs. 1H, 13C{1H}, 29Si{1H} and 11B{1H} NMR 
spectra were recorded with a Bruker Avance 250 spectrometer operating in the Fourier 
transform mode. 1H NMR spectra were recorded at 250.130 MHz (internal standard rela-
tive to CDCl3 (δ = 7.27 ppm) and dmso-d6 (2.54 ppm)); 13C{1H} NMR spectra were re-
corded at 62.902 MHz (internal standard relative to CDCl3 (δ = 77.00 ppm) and dmso-d6 
(40.45 ppm)); 29Si{1H} NMR spectra were recorded at 49.662 MHz (external standard 
relative to Si(CH3)4, δ = 0.0 ppm); 11B{1H} NMR spectra were recorded at 80.252 MHz 
(external standard relative to BF3 (δ = 0.0 ppm)). Chemical shifts are reported in δ units 
(ppm) downfield from SiMe4. The ESI-TOF mass spectra were recorded with a Mariner 
Biospectrometry Workstation 4.0 by Applied Biosystems. Microanalyses were performed 
by the Organic Department at Chemnitz, Technical University, using a Foss Heraeus Vario 
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EL analyzer. Melting points were measured using pure samples with a Gallenkamp MFB 
595 010 equipment, and are uncorrected.  
Allyl compounds 114, 4a15, 4b15 and 4c15 were synthesized according to synthesis methods 
described elsewhere. All other chemicals used purchased from commercial suppliers and 
were used as received. 
 
 
Synthesis of Bis(methyldi(3-bornoxypropyl)silyl)benzene (2) 
 
To a solution of HBBr2·SMe2 dissolved in dichloromethane (11.0 mmol, 1.0 M, 11.0 
mL) was drop-wise added a solution of compound 1 (1.010 g, 5.00 mmol) in dichloro-
methane (9.0 mL). The reaction solution was refluxed for 2 hours, then cooled to 0 ºC and 
afterward was carefully hydrolyzed with water (20 mL). Stirring was continued for 30 min 
at room temperature and then all volatile materials were evaporated in oil-pump vacuum. 
The solid product was isolated from water by suction filtration and washed with distilled 
water (50 mL) to give 2 as a colorless solid. Yield: (4.464 mmol, 1.313 g, 89%, mp = 193 
– 195 ºC). IR (KBr disc): ν = 3293 (s, OH), 3062 (w), 2916 (m), 2876 (m), 1378 (s, B-O), 
1358 (s, B-O), 1248 (m, CH3 bending), 824 (m, C-Si), 792 (m, C-Si). 1H NMR (dmso-d6): 
δ = 7.51 (m, 2 H, C6H4), 7.38 (m, 3 H, C6H4), 7.38 (br s, 4 H, OH), 1.38 (m, 8 H, BCH2), 
0.75 (m, 8 H, CH2), 0.67 (t, 7.70 Hz, 8 H, SiCH2), 0.26 (s, 24 H, SiCH3). 13C{1H} NMR 
(dmso-d6): δ = 139.5 (1 C, Ar C-Si), 134.5 (2 C, Ar C-H), 129.6 (1 C, Ar C-H), 128.6 (2, 
Ar C-H), 20.9 (br, 2 C, BCH2), 19.8 (2 C, CH2), 18.3 (4 C, SiCH2), -2.1 (8 C, SiCH3). 
29Si{1H} NMR (dmso-d6): δ = -3.3. 11B{1H} NMR (dmso-d6): δ = 30.3. ESI-TOF: m/z (rel. 
intensity) (THF/CH3CN/KSCN) = 389.05 (12) [M + KSCN -2 H]+. Anal. Calcd. for 
C13H24B2O4Si·H2O (312.17): C, 50.04; H, 8.40. Found: C, 49.61; H, 8.16. 
 
 
Synthesis of Bis(methyldi(3-hydroxypropyl)silyl)benzene (3) 
 
To a solution of BH3·SMe2 (11.0 mmol, 2.0 M, 5.5 mL) in tetrahydrofuran (50 mL) 
was drop-wise added compound 1 (5.00 mmol, 1.010 g) dissolved in tetrahydrofuran (75 
mL) during 10 min at 0 oC. After stirring the reaction solution at this temperature for 2 h, it 
was quenched with aqueous NaOH (3 M, 3.75 mL) and was allowed to stir for 15 min at 0 
ºC. Then H2O2 (30 %, 3.75 mL) was added in a single portion and the reaction mixture was 
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stirred at 25 ºC for 30 min. Afterward a saturated potassium carbonate solution (30 mL) 
was added. Extraction with diethyl ether (2 x 100 mL) was caried out and the combined 
organic layers were dried with brine (30 mL) and then over magnesium sulfate. All vola-
tiles were removed by rotary evaporator and the residue was purified by silica gel column 
chromatography (dimension: 2 x 35 cm, CH2Cl2). Evaporation of the solvent in rotary 
evaporator vacuum gave 3 as a colorless liquid. Yield: (4.568 mmol, 1.089 g, 91%, mp = 
205 – 207 ºC). IR (KBr disc): ν = 3338 (s, O-H), 3068 (w), 3050 (w), 3019 (w), 2930 (s), 
2873 (s), 1427 (m), 1253 (m, CH3 bending), 1053 (s), 1012 (s), 860 (m, C-Si), 805 (m, C-
Si),787 (m, C-Si). 1H NMR (CDCl3): δ = 7.49 (m, 2 H, C6H5), 7.34 (m, 3 H, C6H5), 3.56 (t, 
6.62 Hz, 4 H, CH2O), 1.97 (br s, 2 H, OH), 1.56 (m, 4 H, CH2), 0.79 (m, 4 H, CH2Si), 0.29 
(s, 3 H, SiCH3). 1H NMR (dmso-d6): δ = 7.52 (m, 2 H, C6H5), 7.40 (m, 3 H, C6H5), 4.43 (t, 
5.30 Hz, 2 H, OH), 3.36 (td, 6.72 Hz, 5.30 Hz, 4 H, CH2O), 1.43 (m, 4 H, CH2), 0.74 (m, 4 
H, SiCH2), 0.27 (s, 24 H, SiCH3). 13C{1H} NMR (CDCl3): δ = 137.7 (Ar C-Si, 1 C), 133.7 
(Ar C-H, 2 C), 129.0 (Ar C-H, 1 C), 127.8 (Ar C-H, 2 C), 65.5 (CH2OH, 2 C), 26.9 (CH2, 
2 C), 9.6 (SiCH2, 2 C), -5.3 (SiCH3, 1 C). 13C{1H} NMR (dmso-d6): δ = 138.9 (Ar C-Si, 1 
C), 134.5 (Ar C-H, 2 C), 129.8 (Ar C-H, 1 C), 128.7 (Ar C-H, 2 C), 64.7 (CH2OH, 2 C), 
27.9 (CH2, 2 C), 10.5 (SiCH2, 2 C), -4.2 (SiCH3, 1 C). 29Si{1H} NMR (CDCl3): δ = -1.2. 
29Si{1H} NMR (dmso-d6): δ = -1.3. ESI-TOF: m/z (rel. intensity) (THF/CH3CN/KSCN) = 
277.09 (100) [M + K]+ . Anal. Calcd. for C13H22O2Si (238.40): C, 65.50; H, 9.30. Found: 
C, 65.07; H, 9.06. 
 
 
Synthesis of Tetrakis(4-dimethyl(3-bornoxypropyl)silylphenyl)silane (5) 
 
To a solution of HBBr2·SMe2 in dichloromethane (1.260 mmol, 1.0 M, 1.26 mL) was 
drop-wise added carbosilane 4a (0.274 mmol, 0.200 g) dissolved in dichloromethane (4 
mL) and the reaction solution was refluxed for 2 hours. Afterward it was cooled to 0 ºC, 
hydrolyzed with water (5 mL) and stirring was continued for 30 min at room temperature. 
All volatile materials were evaporated in oil-pump vacuum and the solid product was iso-
lated from water by suction filtration and washed with distilled water (50 mL) to give 5 as 
a colorless solid. Yield: (0.252 mmol, 0.230 g, 92 %, mp = 229 – 231 ºC). IR (KBr disc): ν 
= 3368 (s, OH), 3050 (w), 2997 (w), 2953 (m), 2922 (m), 2874 (w), 1378 (s, B-O), 1249 
(m, CH3 bending), 1133 (m), 827 (s), 804 (m, C-Si), 779 (m, C-Si). 1H NMR (dmso-d6): δ 
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= 7.58 (br d, 7.51 Hz, 2 H, C6H4), 7.49 (br d, 7.51 Hz, 2 H, C6H4), 7.40 (br s, 4 H, OH), 
1.42 (m, 8 H, BCH2), 0.76 (m, 8 H, CH2), 0.68 (t, 7.60 Hz, 8 H, SiCH2), 0.26 (s, 24 H, 
SiCH3). 13C{1H} NMR (dmso-d6): δ = 142.1 (4 C, Ar C-Si), 135.9 (8 C, Ar C-H), 134.8 (4 
C, Ar C-Si), 133.9 (8, Ar C-H), 20.9 (br, 4 C, BCH2), 19.7 (4 C, CH2), 19.5 (4 C, SiCH2), -
2.1 (8 C, SiCH3). 29Si{1H} NMR (dmso-d6): δ = -3.5 (4 Si, Si terminal), -15.5 (1 Si, Si 
core). 11B{1H} NMR (dmso-d6): δ = 30.1. ESI-TOF: m/z (rel. intensity) 
(THF/CH3CN/KSCN) = 1007.66 (100) [M + KSCN - 2 H]+, 1021.68 (92) [M + THF + K - 
2 H]+. Anal. Calcd. for C44H72B4O8Si5·H2O (930.72): C, 56.78; H, 8.01. Found: C, 56.38; 
H, 7.80.  
 
 
Synthesis of Tetrakis(4-dimethyl(3-hydroxypropyl)silylphenyl)silane (6a) 
 
To BH3·SMe2 (2.2 mL, 2 M, 4.4 mmol) dissolved in tetrahydrofuran (20 mL) was 
drop-wise added a solution of 4a (0.729 g, 1.00 mmol) in tetrahydrofuran (30 mL) during 
10 min at 0 ºC. After 2 hours of stirring, it was quenched with aqueous NaOH (3 M, 1.8 
mL) and stirring was continued for 15 min at 0 ºC. Then H2O2 (30 %, 1.8 mL) was added 
in a single portion and stirring was continued for 30 min at 25 ºC. Afterward, the reaction 
solution was treated with saturated aqueous potassium carbonate (25 mL) and then ex-
tracted with diethyl ether (2 x 75 mL). The combined organic layers were dried over mag-
nesium sulfate. All volatile materials were removed by rotary evaporator to give 6a as a 
colorless solid. Yield: (0.983 mmol, 0.788 g, 98 %, mp = 219 - 221 ºC). IR (KBr disc): ν = 
3323 (s, O-H) 3049 (w), 2998 (w), 2950 (m), 2930 (m), 2871 (m), 1248 (s, CH3 bending), 
1133 (s), 864 (m, C-Si), 835 (s, C-Si), 768 (m, C-Si). 1H NMR (CDCl3): δ = 7.52 (m, 16 H, 
C6H4), 3.58 (t, 6.76 Hz, 8 H, CH2O), 1.57 (m, 12 H, CH2 & and OH), 0.75 (m, 8 H, 
CH2Si), 0.28 (s, 24 H, SiCH3). 1H NMR (dmso-d6): δ = 7.54 (d, 7.49 Hz, 8 H, C6H4), 7.46 
(br d, 7.49 Hz, 8 H, C6H4), 4.41 (t, 5.30 Hz, 4 H, OH), 3.36 (td, 6.72 Hz, 5.30 Hz, 8 H, 
CH2O), 1.45 (m, 8 H, CH2), 0.72 (m, 8 H, SiCH2), 0.26 (s, 24 H, SiCH3) .13C NMR 
(CDCl3): δ = 140.5 (Ar C-Si, 4 C), 135.6 (Ar C-H, 8 C), 134.6 (Ar C-Si, 4 C), 132.9 (Ar C-
H, 8 C), 65.6 (CH2OH, 4 C), 27.1 (CH2, 4 C), 11.3 (SiCH2, 4 C), -3.2 (SiCH3, 8 C). 13C 
NMR (dmso-d6): δ = 141.7 (Ar C-Si, 4 C), 136.0 (Ar C-H, 8 C), 134.8 (Ar C-Si, 4 C), 
133.89 (Ar C-H, 8 C), 64.6 (CH2OH, 4 C), 27.9 (CH2, 4 C), 11.9 (SiCH2, 4 C), -2.2 
(SiCH3, 8 C). 29Si{1H} NMR (CDCl3): δ = -2.4 (4 Si, Si terminal), -14.9 (1 Si, Si core). 
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29Si{1H} NMR (dmso-d6): δ = -2.5 (4 Si, Si terminal), -15.4 (1 Si, Si core). ESI-TOF: m/z 
(rel. intensity) (THF) = 839.51 (100) [M + K]+ . Anal. Calcd. for C44H68O4Si5: C, 65.94; H, 
8.55. Found: C, 65.48; H, 8.72. 
 
 
Synthesis of Tetrakis(4-methyldi(3-hydroxypropyl)silylphenyl)silane (6b) 
 
The title compound was synthesized in a similar manner as 6a (see above) with the 
following details: BH3·SMe2 (2.644 mmol, 2 M, 1.32 mL) in tetrahydrofuran (5 mL), 4b 
(0.300 mmol, 0.250 g) in tetrahydrofuran (20 mL), aqueous NaOH (3 M, 1.08 mL), H2O2 
(30 %, 1.08 mL), saturated aqueous K2CO3 (15 mL) and diethyl ether (25 mL). After ap-
propriate work-up, compound 6b could be isolated as a colorless solid. Purification was 
done by washing with diethyl ether (2 × 10 mL). Yield: (0.247 mmol, 0.241 g, 82%, mp = 
239 – 241 ºC). IR (KBr disc): ν = 3337 (s, OH), 3049 (w), 2996 (w), 2928 (s), 2870 (s), 
1252 (m, CH3 bending) 1133 (s), 1051 (s), 860 (m, m, C-Si), 802 (s, m, C-Si), 782 (s, m, 
C-Si). 1H NMR (dmso-d6): δ = 7.58 (br d, 7.42 Hz, 8 H, C6H4), 7.50 (br d, 7.42 Hz, 8 H, 
C6H4), 4.42 (t, 5.20 Hz, 8 H, O-H), 3.37 (td, 6.68 Hz, 5.20 Hz, 16 H, CH2O), 1.45 (m, 16, 
CH2), 0.75 (m, 16 H, SiCH2), 0.27 (s, 12 H, SiCH3). 13C NMR (dmso-d6): δ = 140.9 (Ar C-
Si, 4 C), 135.9 (Ar C-H, 8 C), 134.8 (Ar C-Si, 4 C), 134.2 (Ar C-H, 8 C), 64.7 (CH2O, 8 
C), 27.9 (CH2, 8 C), 10.4 (Si CH2, 8 C), -4.3 (SiCH3, 4 C). 29Si{1H} NMR (dmso-d6): δ = -
1.2 (4 Si, Si terminal), -15.5 (1 Si, Si core). ESI-TOF: m/z (rel. intensity) 
(CH2Cl2/CH3CN/KSCN) = 1015.50 (7) [M + K]+.Anal. Calcd. for C52H84O8Si5 (977.65): 
C, 63.88; H, 8.66. Found: C, 63.55; H, 8.89. 
 
 
Synthesis of Tetrakis(4-tri(3-hydroxypropyl)silylphenyl)silane (6c) 
 
This compound was synthesized as described earlier (synthesis of 6a) with the fol-
lowing details: BH3·SMe2 (3.53 mmol, 2 M, 1.76 mL) in tetrahydrofuran (5 mL), 4c (0.267 
mmol, 0.250 g) in tetrahydrofuran (30 mL), aqueous NaOH (3 M, 1.44 mL), H2O2 (30 %, 
1.44 mL), saturated aqueous K2CO3 (15 mL) and tetrahydrofuran (2 x 75 mL). After ap-
propriate work-up, compound 6c could be isolated as a colorless solid which was purified 
by washing with diethyl ether (2 × 10 mL). Yield: (0.1932 mmol, 0.223 g, 72%, mp = 
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257.4 – 259.8 ºC). IR (KBr disc): ν = 3371 (s), 3048 (w), 2997 (w) , 2929 (s), 2871 (s), 
1133 (s), 1053 (s), 857 (m, C-Si). 1H NMR (dmso-d6): δ = 7.57 (br d, 7.58 Hz, 8 H, C6H4), 
7.50 (br d, 7.58 Hz, 2 H, C6H4), 4.42 (t, 5.16 Hz, 12 H, OH), 3.36 (td, 6.77 Hz, 5.16 Hz, 24 
H, CH2O), 1.44 (m, 24 H, CH2), 0.76 (m, 24 H, SiCH2). 13C NMR (dmso-d6): δ = 140.1 
(Ar C-Si), 135.9 (Ar C-H), 134.7 (Ar C-Si), 134.5 (Ar C-H), 64.8 (CH2O), 27.9 (CH2), 8.7 
(SiCH2). 29Si{1H} NMR (dmso-d6): δ = -0.5 (4Si, Si terminal), -15.5 (1 Si, Si core). ESI-
TOF: m/z (rel. intensity) (EtOH/CH2Cl2/KSCN) = 1191.14 (7) [M + K]+. Anal. Calcd. for 
C60H100O12Si5 (1153.86): C, 62.46; H, 8.74. Found: C, 62.14; H, 9.08. 
 
 
Single X-ray Structure Determination 
 
Experimental crystallographic data for 6a are given in Table 1. The data for 6a were 
collected with a Bruker Smart 1k CCD diffractometer by using graphite monochromatized 
Mo-Kα radiation (λ = 0.71073 Å). The structure was solved by direct methods with the 
program SHELXS-9716 and structure refinement was done by least-squares based F2 using 
SHELXL-97.17 
 
All non-hydrogen atoms were anisotropically refined in their local positions. The 
positions of the hydrogen atoms in 6a have been refined with a riding model. All 3-
hydroxypropyl substituents and methyl groups (C26, C40 and C41) are disordered. The 
hydroxypropyl units have been refined to split occupancies of 0.31/0.69 (C28-C1), 
0.56/0.44 (C32-O2), 0.47/0.53 (C39–O3), 0.70/0.30 (C42–O4), while the methyl groups 





Table 1. Summary of crystallographic data for 6a. 
 6a 
Empirical Formula C44H68O4Si5 
Formula weight 801.42 
Crystal size (mm) 0.5 x 0.3 x 0.2 
Crystal system orthorhombic 
Space group P212121 
a (Å) 7.4759(5) 
b (Å) 23.0324(17) 
c (Å) 28.278(2) 
V (Å3) 4869.1(6) 
Z 4 
dcalc (g cm-1) 1.093 
Temperature (K) 188(2) 
µ (mm-1) 0.183 
F(000) 1736 
θmin, θmax (o) 1.14, 26.42 
Index ranges -9 ≤ h ≤ 9, 0 ≤ k ≤ 28, 0 ≤ l ≤ 35 
Reflections collected/unique (Rav) 33276/10001 
Rint 0.1040 
Data/restraints/paramters 9961/295/649 
R1 [I > 2σ(I)]/ alla 9961, 649 
wR2 [I > 2σ (I)]/ allb 0.0946, 0.1963 
Goodness of Fit on F2 1.023 
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Porphyrins can be used as a core, end-grafted moieties branching units or in the con-
struction of dendrimers.1 These microenvironments can be used among others to tune and 
control optical and electrochemical properties of the porphyrin building block.2 So por-
phyrins are useful to probe and hence, to characterize dendritic local environments. Re-
cently, metalloporphyrins tailored at a dendrimer core have been developed as synthetic 
model to mimic naturally occurring systems including light-harvesting and electron trans-
fer processes3 (i.e., chlorophyll), molecular oxygen storage and transport phenomena4 (e.g., 
hemoglobin) and oxidation enzymes5 (e.g., cytochrome c). In such models, the porphyrin 
units observes site isolation effects by the dendritic shell.6 This allows to utilize such 
molecules in various applications, for example, catalysis7, drug delivery8, singlet oxygen 
generation9, nonlinear optical materials10, light-emitting materials11, molecular sensors12 
and photoactive systems, which can be considered as artificial antennae devoted to solar 
energy conversion.13  
 
We report here a straightforward synthesis methodology for the preparation of novel 
0th and 1st generation 1,4-phenylene-based carbosilane dendrimers with a porphyrin core. 
The preparation of such assemblies involves the functionalization of carbosilane den-
drimers with aldehyde units at the focal point and subsequent transfer into a porphyrin by 
applying the Lindsey condensation method with pyrrole.14 Then reactions chemistry of 
these groups of these systems toward [Zn(OAc)2] and the structures of five compounds in 




Result and discussion 
 
For the synthesis of carbosilane dendrimer-based porphyrins the procedure reported 
by Lindsey was used.13 Condensation of aldehydes HOC-1-C6H4-4-SiR1R2Me (2a15a, R1 = 
R2 = Me; 2b15b, R1 = Me, R2 = CH2CH=CH2, 2c, R1 = R2 = CH2CH=CH2) with pyrrole in 
presence of catalytic amounts of BF3·Et2O in dichloromethane followed by aromatization 
with DDQ (DDQ = 2,3-dichloro-5,6-dicynobenzoquinone) produced porphyrins H2P(-1-
C6H4-4-SiR1R2Me)4 (5a,15a R1 = R2 = Me; 5b, R1 = Me, R2 = CH2CH=CH2, 5c, R1 = R2 = 
CH2CH=CH2) as dark red solids in 25 - 30 % yield (Scheme 1, Experimental Section). The 
appropriate Zn-porphyrins 6a and 6b (Scheme 1) were prepared by the addition of zinc 
acetate to 5b and 5c in chloroform-methanol mixtures of 5:1, whereby 6a and 6b are pro-































1) Pyrrole, BF3·OEt2 , CH2Cl2
2) DDQ
Zn(AcO)2·2H2O, CHCl3, MeOH
5a, R1 = R2 = Me
5b, R1 = CH3,  R2 = CH2CH=CH2
5c, R1 = R2 = CH2CH=CH2
6a, R1 = CH3,  R2 = CH2CH=CH2






1a, R1 = R2 = Me
1b, R1 = CH3,  R2 = CH2CH=CH2
2a, R1 = R2 = Me
2b, R1 = CH3,  R2 = CH2CH=CH2
1c, R1 = R2 = CH2CH=CH2 2c, R1 = R2 = CH2CH=CH2
1) 2  tBuLi, Et2O
2) 3 DMF, THF
 
 
Scheme 1. Synthesis of aldehydes 2a - 2c, porphyrins 5a - 5c and metalloporphyrins 6a 




1st generation porphyrins H2T(-1-C6H4-4-Si(-1-C6H4-4-SiR1R2Me)3)p (7a, R1 = R2 = 
Me; 7b, R1 = Me, R2 = CH2CH=CH2, 7c, R1 = R2 = CH2CH=CH2) were prepared in a simi-
lar manner, whereby as starting materials the aldehydes HOC-1-C6H4-4-Si(-1-C6H4-4-
SiR1R2Me)3 (4a, R1 = R2 = Me; 4b, R1 = Me, R2 = CH2CH=CH2, 4c, R1 = R2 = 
CH2CH=CH2) were used. The overall synthesis methodology is depicted in Scheme 2. 
From these compounds also the corresponding Zn 8a - 8c could be prepared (Scheme 2). 









1) 2  tBuLi, Et2O
2) 3 DMF, THF
3a, R1 = R2 = Me)
3b, R1 = Me,  R2 = CH2CH=CH2
4a, R1 = R2 = Me)
4b, R1 = Me,  R2 = CH2CH=CH2




























































































7a R1 = R2 = Me
7b, R1 = Me,  R2 = CH2CH=CH2
7c, R1 = R2 = CH2CH=CH2
8a, R1 = R2 = Me
8b, R1 = Me, R2 = CH2CH=CH2









The Si-allyl functionalities in porphyrins 5b and 5c could successfully be converted 
to Si-propanolic peripheric units as given in 9a and 9b through hydroboration-oxidation 
cycles (scheme 3). Their complexation by Zn2+ upon reaction with zinc acetate to 10a and 
10b respectively is also possible (scheme 3). Porphyrins 9 and 10 were prepared in order to 
rationally control the structure of there compound in the solid state, for example, su-
pramolecular network formation thus hydrogen-bond interaction, whereby three-





































9a, R1 = Me
















5b, R1 = Me
5c, R1 =  CH2CH=CH2
10a, R1 = Me
10b, R1 =  CH2CH2CH2OH
THF, MeOH
 
Scheme 3. Synthesis of porphyrins 9b, 9c, 10b and 10c. 
 
 
The solubility of porphyrins 9a and 9b differs from the allyl-end grafted systems 5b 
and 5c.The only dissolve in tetrahydrofuran, while in dichloromethane, chloroform and di-
ethyl ether they are completely insoluble. 
 
All R1R2MeSi-based porphyrins were characterized by elemental analysis, IR, 1H-, 
13C{1H}- and 29Si{1H}-NMR spectroscopy. ESI-TOF mass spectrometric measurements 
were additionally carried out for 2b, 2c, 4a - 4c, 5b, 5c, 6a, 6b, 9a, 9b, 10a and 10b. UV-
vis spectra were performed for all metal-free and zinc-metallated porphyrins. The identity 
of 5b, 5c, 6a, 7b and 10a were confirmed by single X-ray diffraction studies. 
 
Single crystals of molecules 5b (Figure 1), 5c (Figure 5), 6a (Figure 7) and 7b (Fig-
ure 10) were grown by liquid diffusion of ethanol into a chloroform solution containing the 




diffusion npentane into a tetrahydrofuran solution containing 10a ambient temperature. 
Crystal data and structure refinement parameters of all porphyrins are summarized in Table 
1 (Experimental Section). Selected bond distances (Å) and angles (°) are presented in the 
legend of the respective Figures.  
 
In general, the experimentally observed bond lengths and angles for the porphyrin 
core and the end-grafted carbosilane branches are in agreement with parameters typical 
found for meso-tetraphenylporphyrins16 and phenylene-based carbosilanes. 
 
The molecular structures of 5b, 5c, 6a, and 7b with absence of polar functionalities 
suggest that the characteristic features of the solid state could essentially be controlled by 
weak van der Waals forces, i.e., π-π interactions. However, the presence end-grafted hy-
droxyl groups in the porphyrin 10a introduced a new stronger hydrogen bonds and oxygen 
metal bonds. The following discussion analyzes the various effect of structural variety on 
the solid state packing structure 5b, 5c, 6a, 7b and 10a.  
 
Structure of H2T(SiMe2(CH2CH=CH2)-4-C6H4-)P (5b) and Zn (II) T(Si 
Me2(CH2CH=CH2)-4-C6H4-)P (6a) in the solid state. The molecular solid state structure of 
5b and its respective zinc metallated form 6a are depicted in Figures 1 and 2, respectively. 
Porphyrins 5b and 6a crystallizes in the non-centrosymmetric chiral tetragonalic space 
group P43 and the asymmetric unit cell has one porphyrin molecule. Primarily, both por-
phyrins have almost identical solid state packing structures. As shown in Figure 3, they 
show 3-dimensional network structure. The structure is formed by aromatic pπ-pπ interac-
tions between porphyrin macrocyles and porphyrin phenyl rings of a neighboring porphy-
rin molecules. As it can be seen from Figure 3b, each of the four pyrrole rings undergoes 
pπ-pπ interaction with the meso-phenyl ring from a neighboring porphyrin molecule, thus 
porphyrin macrocyle show pπ-pπ interactions to four molecules. These molecules arrange 
around the porphyrin macrocyle in such away that two molecules at the upper face shows a 
cross perpendicular arrangement to the two molecules on the lower face (Figure 3). Data 
concerning pπ-pπ interactions are summarized in Table 2. According to Table 2, the aver-
age phenyl-center to pyrrole-center distance is 4.966 Å and the plane to plane angle 84.0º 








Figure 1. ORTEP diagram (with 50 % probability level) and atom numbering scheme of 
5b. The hydrogen atoms are omitted for clarity. The two N-H hydrogens 
disordered with a fixed occupancy of 0.50/0.50 over the four nitrogens. Se-
lected bond distances (Å) and angles (º): C(2)-C(3) 1.344(7), C(7)-C(8) 
1.339(7), C(12)-C(13) 1.337(6), C(17)-C(18) 1.344(6); C(4)-C(5)-C(6) 







Figure 2. ORTEP diagram (with 50 % probability level) and atom numbering scheme of 
6a. The hydrogen atoms are omitted for clarity. Selected bond distances (Å) 
and angles (º): N(1)-Zn(1) 2.040(4), N(2)-Zn(1) 2.041(4), N(4)-Zn(1) 2.041(4), 
N(4)-Zn(1) 2.020(4), C(2)-C(3) 1.351(7), C(7)-C(8) 1.321, C(12)-C(13) 
1.340(7), C(17)-C(18) 1.345(7); N(1)-Zn(1)-N(2) 90.38(18), N(1)-Zn(1)-N(3) 
177.9(3), N(1)-Zn(1)-N(4) 89.36(17), N(2)-Zn(1)-N(3) 90.06(18), N(2)-Zn(1)-
N(4) 178.6(3), N(3)-Zn(1)-N(4) 90.25, C(4)-C(5)-C(6) 125.5(5), C(9)-C(10)-
C(11) 125.4(11), C(14)-C(15)-C(16) 124.5(5), C(1)-C(20)-C(19) 123.9(5). 
 
 
Table 2. Distances (Å) and angles (°) of the π-π interactions for Zn (II) T(SiR1R2Me-4-C6H4-)P (6a). 
 Moleculesa)  meso-phenyl ringb) Pyrrole ring c)  Distance (Å)d) Angle (º)e) 
A  C21-C26 C6-C9, N2 4.929 84.5 
B C43-C48 C16-C19, N4 5.044 88.3 
D C32-C37 C1-C4, N1 4.889 77.4 
E C54-C59 C11-C14, N3 5.002 85.7 
a) A, B, D and E refer to the molecules which show π-π interactions with porphyrin macrocyle of molecule 
C. b) Phenyl rings of the respective molecules A, B, D and E. c) Pyrrole rings from molecule C. d) All dis-





















































































































































































































































































































According to Figure 3, the arrangement of A, B, D and E implies that two right-
handed (M-form) helix structures pass through each porphyrin molecule (e.g. C). The 1st 
helix passes through the molecules A, C and E while the 2nd helix passes through mole-
cules B, C and D. As illustrated in Figure 4, these four-fold helix structures which are gen-
erated by parallel oriented porphyrin molecules with 90 º rotation between successive 
molecules are responsible for crystal chirality.18 
 
Figure 4. Four-fold helix structure of 6a generated by parallel orientated porphyrin mole-
cules with 90 º rotation between successive molecules. 
 
 
Solid state structure of H2T(Si Me(CH2CH=CH2)2-4-C6H4-)P (5c). The molecular 
structure of 5c is depicted in Figure 5. The replacement of four of one Me in SiMe2 groups 
in 5b by CH2CH=CH2 in order to give 5c induces a considerable change in the solid state 
packing of the latter system. 5c crystallizes in an asymmetric unit containing half of the 
molecule, while the 2nd half is generated by inversion in origin. Molecule 5c crystallized in 
a 2-dimensional interlocked layered structures as shown in Figure 6. Each layer is con-
structed by parallel molecules which are joined by weak pπ-pπ interactions within infinate 


















two phenyls and two pyrroles producing two symmetrically equivelent stacking lines 
passing through each porphrin ring (interactions # 1, 2, 3 and 4 in Figure 7a). Figure 7b 
shows part from one of the two symmetrically equivelent stacking lines. Each line is 
constructed from infinte alternative phenyl / pyrole rings with an alternative ring-to-ring 




Figure 5. ORTEP diagram (with 50 % probability level) and atom numbering scheme of 
5c (label A refer the part symmetrically generated by inversion through the 
center of the porphyrin ring). The hydrogen atoms are omitted for clarity. Se-
lected bond distances (Å) and angles (º): C(2)-C(3) 1.405(8), C(7)-C(8) 










Figure 6. Interlocked layered crystal packing structure of 5c. This picture shows a side 






















































































































































































































Structure of Zn[T(Si Me2(CH2CH=CH2)-4-C6H4-)P] (6a) in the solid state. The solid-
state structure of 6a (Figure 7) are similar to the solid-state structure of 5b. This implies 
that the Zinc metallation of 5b to 6a have no effect on the properties of the structure of 6a 
in the solid state. 
 
Figure 7. ORTEP diagram (with 50 % probability level) and atom numbering scheme of 
6a. The hydrogen atoms are omitted for clarity. Selected bond distances (Å) 
and angles (º): N(1)-Zn(1) 2.040(4), N(2)-Zn(1) 2.041(4), N(4)-Zn(1) 2.041(4), 
N(4)-Zn(1) 2.020(4), C(2)-C(3) 1.351(7), C(7)-C(8) 1.321, C(12)-C(13) 
1.340(7), C(17)-C(18) 1.345(7); N(1)-Zn(1)-N(2) 90.38(18), N(1)-Zn(1)-N(3) 
177.9(3), N(1)-Zn(1)-N(4) 89.36(17), N(2)-Zn(1)-N(3) 90.06(18), N(2)-Zn(1)-
N(4) 178.6(3), N(3)-Zn(1)-N(4) 90.25, C(4)-C(5)-C(6) 125.5(5), C(9)-C(10)-
C(11) 125.4(11), C(14)-C(15)-C(16) 124.5(5), C(1)-C(20)-C(19) 123.9(5). 
 
 
Structure of Zn[T(Si Me2((CH2)3-OH)-4-C6H4-)P] (10a) in the solid state (Figure 8), 
the exchange of the allyl groups in 9a by 3-propyloxy functionalities as present in 10a re-
sulted in a completely different packing. Molecule 10a crystallizes in the triclinic system 
with asymmetric unit cell showing one porphyrin molecule. The 3-dimensional network 
structure of 6a changed to 2-dimensional network structure in 10a which set-up by zinc-
oxygen coordination and H-bond formation. Molecules 10a form 1-dimensional columnar 
structure by coordination of one oxygen atom in one molecule to the zinc of the next mole-
cule (Zn(1)-O(4) = 2.142 Å)19 as shown in Figure 9a. The linear structures arranged next 
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each other to form 2-dimensional structures by hydrogen bonding as shown in Figure 9b. 
From each molecule three disordered hydroxyl groups 0.55/0.45 (O(1)/O(1)A), 0.48/0.52 
(O(2)/O(2)A), 0.5/0.5 (O(3)/O(3)A)) are involved in the hydrogen bond between the suc-
cessive lines. Two hydroxyl groups from each two successive molecules in one line (O(2)-
H and O’(3)-H) forms hydrogen bonding with one hydroxyl group from the next line 
(O”(1)-H) (Figure 10b). The distances between the hydrogen-bonded oxygen are 2.754 Å 
for O”(1)···O(2)A, 2.789 Å for O”(1)···O’(3)A and 2.799 Å for O”(1)A···O’(3) (Figure 
10b).19 
 
Figure 8. ORTEP diagram (with 50 % probability level) and atom numbering scheme of 
10a (label A refer to the 2nd disordered position for the respective disordered 
atom). The solvent molecules are omitted for clarity. Selected bond distances 
(Å) and angles (º):N(1)-Zn(1) 2.075(3), N(2)-Zn(1) 2.063(3), N(3)-Zn(1) 
2.061(3), N(4)-Zn(1) 2.069(3), C(4)-C(5) 1.352(5), C(9)-C(10) 1.349(5), 
C(14)-C(15) 1.350(6), C(19)-C(20) 1.349(5); N(1)-Zn(1)-N(2) 88.71(11), 
N(1)-Zn(1)-N(3) 164.73(11), N(1)-Zn(1)-N(4) 89.48(11), N(2)-Zn(1)-N(3) 
89.84(11), N(2)-Zn(1)-N(4) 166.98(11), N(3)-Zn(1)-N(4) 88.52, C(1)-C(2)-


































































































































































































































































































Structure H2T(-4-C6H4-Si(C6H4-4-Si(CH2CH=CH2)Me2)P (7b) in the solid state. 
This compound crystallizes as independent molecules in triclinic space group P-1. The 
asymmetric unit contains half of two molecules and six solvent ethanol molecules. The 2nd 
half of each molecule is generated by an inversion through the center of the porphyrin ring. 
On the contrary of porphyrins 5b, 5c, 6a and 10a, 7b don’t have supramolecular structure. 
 
 
Figure 10. ORTEP diagram (with 50 % probability level) and atom numbering scheme for 
symmetrically independent half of 7b (label A refers to the symmetrically gen-
erated part while in the case of the disordered atom (C37) only one disordered 
position (C37A) is shown, thus, label A refers here to a disordered atomic posi-
tion). The hydrogen atoms as well as solvent molecules are omitted for clarity. 
Selected bond distances (Å) and angles (º): C(2)-C(3) 1.355(6), C(7)-C(8) 





The IR spectra for all synthesized molecules 5b, 5c, 6a, 6b, 7a - 7c, 8a - 8c, 9a, 9b, 
10a, and 10b featuring CH2CH=CH2 end-grafted groups show characteristic absorptions at 
ca. 1630 cm-1 for the νC=C vibration. One or two strong bands are observed in the range of 
800 - 840 cm-1 for the Si-C stretching vibration. This is in agreement with allyl-
functionalized carbosilanes.20a The respective MenSi (n = 1, 2, 3) building blocks show 
bands at 1250 cm-1 for the CH3 bending,20a while, the HN and HO entities absorb between 
3315 and 3400 cm-1 as broad bands indicating that these groups show hydrogen-bridge 
bondings.20b The aldehyde functionalities in 2b, 2c 4a 4b and 4c gave the characteristic 
bands at 2820 and 2732 cm-1 for the C-H and at 1705 cm-1 for the carbonyl moiety. 
 
In the 1H and 13C{1H} NMR spectra of compounds 5b, 5c, 6a, 6b, 7a - 7c, 8a - 8c, 
9a, 9b, 10a, and 10b well-resolved resonance signals are observed for the relevant organic 
groups. For example, the 1H NMR spectra of the aldehyde entities in 2b, 2c 4a 4b and 4c 
gave a characteristic signal at 10.07 ppm, which disappears upon formation of the respec-
tive porphyrins. The formation of a porphyrin ring can be monitored by the appearance of 
the pyrrole hydrogen atoms singlet at 8.92 ppm which is characteristic signal for por-
phyrins.14,15a Also, the NH entities gives rise to one characteristic broad signal at -2.8 ppm. 
This signal disappears, when the porphyrin is metalated by Zn2+. Furthermore, the 1H 
NMR signals of the SiCH3 groups appear at ca. 0.31 for aldehydes 2b, 2c 4a 4b and 4c, at 
0.56 for the 0th generation dendrimers 5b, 5c, 6a, 6b, 9a, 9b, 10a, and 10b and at 0.36 ppm 
for the 1st generation dendrimers 7a - 7c and 8a - 8c. This signal clearly show the porphy-
rin deshielding effect which is stronger for the 0th generation dendrimers due to shorter dis-
tances between the porphyrin ring and the terminal methyl groups (Experimental Part). The 
allylic protons also show similar trends (Experimental Section). Furthermore, upon hy-
droboration-oxidation of 5b and 5c the signals of allyl entities disappeared and gave rise to 
new signals represent the 3-hydroxy-propyl units in 9a and 9b, respectively (Experimental 
Section). 
 
Parallel to 1H NMR, 13C{1H} NMR characteristic signal for the aldehyde functional-
ity at 192.5 ppm disappeared upon porphyrin formation. Generally, 13C{1H} NMR for the 
porphyrin rings have three characteristic signals for α-, β-, meso-carbon atoms.21 In por-
phyrins 5b, 5c, 6a, 6b, 7a - 7c, 8a - 8c, 9a, 9b, 10a, and 10b, the signal for α-carbon atom 
for 5b, 5c, 7a - 7c , 9a and 9b did not appears while it’s appeared at ca. 150.1 ppm for 6a, 
6b, 8a - 8c, 10a, and 10b. Also, the signal of the β-carbon in 5b, 5c, 9a and 9b appeared at 
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ca. 131.1 ppm while it’s absent fro the spectra of 7a - 7c. Up on zinc metallation, the signal 
of the β-carbon is shifted to ca. 132.1 ppm for 6a, 6b, 8a - 8c, 10a, and 10b. Finally, meso-
cabon in 5b, 5c, 6a, 6b, 7a - 7c appeared at ca. 120.1 ppm and at 121.1 ppm for 8a - 8c, 
9a, 9b, 10a, and 10b.  
 
In the 29Si{1H} NMR spectra of porphyrins 5b, 5c, 6a, 6b, 7a - 7c, 8a - 8c, 9a, 9b, 
10a, and 10b, the signal inner silicon atoms for 7a - 7c and 8a - 8c appeared at -14.2 ppm. 
These values agree well with tetraphenyl silane (-14.98 ppm).22a The signal of silicon at-
oms at the periphery in both the 0th and 1st generation carbosilane porphyrins appeared be-
tween -3.9 to -5.7 ppm. The increasing of methyl groups at the silicon atom tend to shift to 
lower field and are observed at the end of this range. Silicon NMR signals normally are 
shifted to lower field by the effect of oxygen containing solvents (e.g., dmso-d6, thf-d8) 
which was observed in combination with the effect of the terminal alcoholic units and thus 
the 29Si{1H} NMR signals of 9a, 9b, 10a and 10b appeared between -0.8 to -4.0 ppm.22b 
 
ESI-TOF mass spectrometric measurements were carried out for all aldehydes (2b, 
2c, 4a, 4b and 4c) and 0th generation porphyrins (5b, 5c, 6b, 6c, 9a, 9b, 10a and 10b). 
Compounds 2b, 2c, 5b, 5c and 9a show the respective molecular ion peak [M + H]+ (Ex-
perimental Section), while 6b and 6c gave [M]+. Compounds 4a, 4b, 4c, 9b, 10a and 10b 
could successfully be ionized by doping with KSCN, so these species gave the ion 
++ ]KM[ . 
 
UV-vis absorption spectra were additionally taken for porphyrins 5b, 5c, 6a, 6b, 7a - 
7c, 8a - 8c, 9a, 9b, 10a and 10b in order to analyze the effect of the dendritic branches on 
the optical properties of porphyrin ring. The spectra were measured in dichlormethane and 
tetrahydrofuran solvents (Table 3). Experimentally, the porphyrin core of 5b shows one 
soret band at 420 nm (CH2Cl2) and four Q bands at 517, 552, 592 and 648 nm (Figure 
11a).23 The metallation of 5b by Zn (II) results in a very small red shift of the soret band 
(6a, 421 nm, CH2Cl2, Figure 11b) while the Q band pattern is changed to give two bands at 
549 and 588 nm for 6a (CH2Cl2) which is typical for going from porphyrins to metallated 
porphyrins.24 Figure 11 demonstrate the difference between the UV-vis of the 0th and 1st 
generation dendritic porphyrins. All of the bands in the spectrum of 1st generation dendritic 
porphyrins 7b are almost the same as the bands of its respective 0th generation 5b with just 
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little enhancement of the band intensities and very small red shift in the soret band (Figure 
11a). Similar observations obtained for the zinc metallated 6a and 8b (Figure 11b). These 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The preparation of a series of the 0th and 1st generation porphyrin-based carbosilane 
dendrimers were successfully achieved by the Lindsey procedure. The solid state structures 
of the dendritic porphyrins 5b, 5c, 6a, 7b and 10a have been determined. The su-
pramolecular structures of the allyl 0th generation porphyrins 5b, 5c, and 6a were primarily 
controlled by the π-π interactions while in the hydroxyl porphyrins 10a was controlled by 
zinc-oxygen cordination and hydrogen bonding. On the other hand, the 1st generation 7b 
did not show a supramolecular structure in the solid state.  
Both of the free base porphyrin 5b and its analogous zinc metallated porphyrin 6a 
exactly the same 3-dimensional chiral supramolecular structure. In the porphyrin 10a the 
hydroxyl analogue of 6a the zinc ion starts to play a role in the supramolecular structure 
due to the coordination with the oxygen atom. The 3-dimensional structure of 6a modified 
into 2-dimensional network was formed by oxygen-zinc coordination and hydrogen 
bonding. On the other hand, 8-allyl groups in 5c instead of 4-allyl 5b modified the 3-





General. All reactions were carried out under an atmosphere of nitrogen using standard 
Schlenk techniques. Solvents and reagents were purified and dried by distillation. Diethyl 
ether and tetrahydrofuran were refluxed with sodium-benzophenone ketyl, distilled, and 
saturated with nitrogen. Dimethyl formamide was refluxed with calcium hydride, distilled, 
and saturated with nitrogen. IR spectra were recorded with a Perkin Elmer FT-IR 1000 
spectrometer as films between NaCl plates or as KBr discs. UV-vis spectra were recorded 
with a Thermo Electron Corporation Genesys 6 spectrometer. 1H, 13C{1H} and 29Si{1H} 
NMR spectra were recorded with a Bruker Avance 250 spectrometer, operating in the Fou-
rier transform mode. 1H NMR spectra were recorded at 250.130 MHz (internal standard 
relative to CDCl3, δ = 7.26 ppm); 13C{1H} NMR spectra were recorded at 62.902 MHz (in-
ternal standard relative to CDCl3, δ = 77.0 ppm); 29Si{1H} NMR spectra were recorded at 
49.692 MHz (external standard relative to SiMe4, δ = 0.0 ppm). Chemical shifts are re-
ported in δ uints (ppm) downfield from SiMe4. ESI-TOF mass spectra were recorded with 
a Mariner Biospectrometry Workstation 4.0 (Applied Biosystems) with dichloromethane as 
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solvent and potassium thiocyanate for doping. C, H, N Microanalyses were performed by 
the Organic Department at Chemnitz, the Technical University, using a Foss Heraeus 
Vario EL analyzer. Compounds 1b24, 1c24, 3a24, 3b24 and 3c24 were prepared according to 





tBuLi (1.7 M, 20.5 mmol, 12.06 mL, npentane) was added drop-wise to a diethyl 
ether (45 mL) solution of 1b (10.25 mmol, 2.614 g) at –78 ºC. The reaction mixture was 
stirred at this temperature for 1 hour. The resulting solution was drop-wise transferred via 
canula to dimethyl formamide (30.754 mmol, 2.248 g, 2.39 mL) in tetrahydrofuran (30 
mL) at 0 ºC and was kept at this temperature for 15 min. Afterward, the reaction mixture 
was warmed to room temperature and stirring was continued for 2 hours, and then 
quenched with aqueous HCl (3 N, 60 mL). The product was extracted with diethyl ether 
(100 mL) and the organic layer was washed with water (2 × 60 mL), saturated NaHCO3 
(60 mL) and brine (60 mL). The organic layer was dried over MgSO4 and then all volatile 
materials were removed in oil-pump vacuum. The crude product was purified by column 
chromatography (nhexane – 20 % dichloromethane/nhexane) to afford 2b as a colorless oil 
(8.87 mmol, 1.813 g, 87 %). IR (film): ν = 3070, 3024, 2990, 2957, 2900, 2823 (w, CHO), 
2733 (w, CHO), 1703 (s, C=O), 1628 (w, C=C), 1252 (m, CH3 bending), 814 (s, Si-C). 1H 
NMR (CDCl3): δ = 10.02 (s, 1 H, CHO), 7.84 (dt, 8.08 Hz, 1.43 Hz, 2 H, C6H4), 7.68 (dt, 
8.08 Hz, 1.43 Hz, 2 H, C6H4), 5.74 (ddt, 17.55 Hz, 9.48 Hz, 8.08 Hz, 1 H, =CH), 4.86 (ddt, 
17.55 Hz, 2.06 Hz, 1.09 Hz, 1 H, =CH2), 4.86 (ddt, 9.48 Hz, 2.06 Hz, 1.09 Hz, =CH2), 1.79 
(dt, 8.08 Hz, 1.09 Hz, 2 H, SiCH2), 0.32 (s, 6 H, SiCH3). 13C{1H} NMR (CDCl3): δ = 192.5 
(1 C, CHO), 147.3 (1 C, C-CHO), 136.6 (1 C, Ar C-Si), 134.1 (2 C, Ar C-H), 133.8 (1 C, 
=CH), 128.5 (2 C, Ar C-H), 113.9 (1 C, =CH2), 23.2 (1 C, SiCH2), -3.7 (2 C, SiCH3). 
29Si{1H} NMR (CDCl3): δ = -3.5. ESI-TOF: m/z (rel. intensity) = 205.10 (100) [M + H]+ 






The same procedure as in the preparation of 2b was applied in the synthesis of 2c us-
ing tBuLi (1.7 M, 34.74 mmol, 20.41 mL, npentane), 1c (17.37 mmol, 4.882 g) in diethyl 
ether (75 mL), dimethyl formamide (52.12 mmol, 3.810 g, 4.04 mL) in tetrahydrofuran (50 
mL) and aqueous HCl (3 N, 80 mL). After appropriate work-up, 2c was isolated as a color-
less oil (14.86 mmol, 3.42 g, 86 %). IR (film): ν = 3074, 3024, 2992, 2966, 2910, 2882, 
2824 (w, CHO), 2732 (w, CHO), 1704 (s, C=O), 1630 (w, C=C), 1254 (w, CH3 bending), 
808 (s, Si-C). 1H NMR (CDCl3): δ = 10.02 (s, 1 H, CHO), 7.84 (dt, 8.12 Hz, 1.64 Hz, 2 H, 
C6H4), 7.68 (dt, 8.12 Hz, 1.64 Hz, 2 H, C6H4), 5.74 (ddt, 17.56 Hz, 9.45 Hz, 8.12 Hz, 2 H, 
=CH), 4.89 (ddt, 17.56 Hz, 1.99 Hz, 1.10 Hz, 2 H, =CH2), 4.88 (ddt, 9.45 Hz, 1.99 Hz, 
1.10 Hz, 2 H, =CH2), 1.84 (dt, 8.08 Hz, 1.10 Hz, 4 H, SiCH2), 0.34 (s, 3 H, SiCH3). 
13C{1H} NMR (CDCl3): δ = 192.4 (1 C, CHO), 145.5 (1 C, C-CHO), 136.7 (1 C, Ar C-Si), 
134.4 (2 C, Ar C-H), 133.4 (2 C, =CH), 128.5 (2 C, Ar C-H), 114.4 (2 C, =CH2), 21.2 (2 
C, SiCH2), -6.1 (1 C, SiCH3). 29Si{1H} NMR (CDCl3): δ = -5.0. ESI-TOF: m/z (rel. inten-
sity) = 231.10 (100) [M + H]+ (calcd. 231.12). Anal. Calcd. for C14H18OSi (230.38): C, 





The same procedure as in the preparation of 2b was applied in the synthesis of 4a: 
tBuLi (1.7 M, 13.00 mmol, 7.70 mL, npentane), 3a (6.50 mmol, 4.102 g) in diethyl ether 
(70 mL), dimethyl formamide (19.50 mmol, 1.425 g, 1.51 mL) in tetrahydrofuran (40 mL) 
and aqueous HCl (3 N, 40 mL). After appropriate work-up, 4a was isolated as a colorless 
solid (5.93 mmol, 3.448 g, 91 %, mp = 209.3-211.6 ºC). IR (film): ν = 3048, 2996, 2953 
(m), 2894, 2816 (w, CHO), 2722 (w, CHO), 1706 (s, C=O), 1249 (w, CH3 bending), 1133, 
838 (s, Si-C). 1H NMR (CDCl3): δ = 10.06 (s, 1 H, CHO), 7.87 (brd, 8.19 Hz, 2 H, C6H4), 
7,78 (brd, 8.19 Hz, 2 H, C6H4), 7.55 (s, 12 H, C6H4), 0.29 (s, 27 H, SiCH3). 13C{1H} NMR 
(CDCl3): δ = 192.6 (1 C, CHO), 143.2 (1 C, C-CHO), 142.4 (3 C, Ar C-Si), 136.9 (2 C, Ar 
C-H), 135.5 (6 C, Ar C-H),  133.5 (3 C, Ar C-Si), 132.8 (6 C, Ar C-H), 132.6 (Ar C-H), 
128.6 (2 C, Ar C-H), 127.8 (1 C, C-Si), -1.2 (SiCH3). 29Si{1H} NMR (CDCl3): δ = -14.7 (1 
Si, Si(C6H4)4), -3.9 (3 Si, (CH3)2Si(C6H4)(CH2CH=CH2)). ESI-TOF: m/z (rel. intensity) = 
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619.24 (100) [M + K]+ (calcd. 619.21). Anal. Calcd. for C35H44OSi4 (581.05): C, 70.28; H, 





The same procedure as in the preparation of 2b was applied in the synthesis of 4b: 
tBuLi (1.7 M, 8.00 mmol, 4.71 mL, npentane), 3b (4.00 mmol, 2.836 g) in diethyl ether (18 
mL), dimethyl formamide (12 mmol, 0.877 g, 0.93 mL) in tetrahydrofuran (12 mL) and 
aqueous HCl (3 N, 20 mL). After appropriate work-up, 4b was isolated as a colorless oil 
which solidified on cooling (3.68 mmol, 2.423 g, 92 %, mp = 87.5 - 89.7 ºC). IR (film): ν = 
3074, 2048, 2995, 2953, 2910, 2890, 2818 (w, CHO), 2726 (w, CHO), 1703 (s, C=O), 
1629 (w, C=C), 1248 (w, CH3 bending), 1133, 836 (s, Si-C), 802 (m, Si-C). 1H NMR 
(CDCl3): δ = 10.06 (s, 1 H, CHO), 7.87 (brd, 8.08 Hz, 2 H, C6H4), 7.77 (brd, 8.08 Hz, 2 H, 
C6H4), 7.54 (brs, 12 H, C6H4), 5.79 (ddt, 17.10 Hz, 10.38, 8.14 Hz, 3 H, =CH), 4.88 (ddt, 
17.10 Hz, 2.14 Hz, 1.10 Hz, 3 H, =CH2), 4.87 (ddt, 10.38 Hz, 2.14 Hz, 1.10 Hz, 3 H, 
=CH2), 1.77 (dt, 8.13 Hz, 1.10 Hz, 6 H, SiCH2), 0.29 (s, 18 H, SiCH3). 13C{1H} NMR 
(CDCl3): δ = 192.6 (1 C, CHO), 143.0 (1 C, C-CHO), 140.8 (3 C, Ar C-Si), 136.9 (2 C, Ar 
C-H), 135.5.(6 C, Ar C-H), 134.4 (3 C, =CH), 133.7 (3 C, Ar C-Si), 133.1 (6 C, Ar C-H), 
132.9 (1 C, Ar C-Si), 128.6 (2 C, Ar C-H), 113.5 (3 C, =CH2), 23.5 (3 C, SiCH2), -3.6 (6 
C, SiCH3). 29Si{1H} NMR (CDCl3): -14.7 (1 Si, Si(C6H4)4), -4.5 (3 Si, 
(CH3)2Si(C6H4)(CH2CH=CH2)). ESI-TOF: m/z (rel. intensity) = 697.29 (100) [M + K]+ 






The same procedure as in the preparation of 2b was applied in the synthesis of 4c 
tBuLi (1.7 M, 6.00 mmol, 3.60 mL, npentane), 3c (3.00 mmol, 2.361 g) in diethyl ether (40 
mL), dimethyl formamide (9.00 mmol, 0.6579 g, 0.70 mL) in tetrahydrofuran (20 mL) and 
aqueous HCl (3 N, 25 mL). After appropriate work-up, 4c was isolated as a colorless oil 
(2.46 mmol, 1.814 g, 82 %). IR (film): ν = 3074, 3050, 2996, 2969, 2913, 2878, 2819 (w, 
CHO), 2725 (w, CHO), 1705 (s, C=O), 1629 (w, C=C), 1252 (w, CH3 bending), 1132, 821 
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(s, Si-C), 802 (s, Si-C). 1H NMR (CDCl3): δ = 10.07 (s, 1 H, CHO), 7.89 (brd, 8.12 Hz, 2 
H, C6H4), 7.77 (brd, 8.12 Hz, 2 H, C6H4), 7.55 (brs, 12 H, C6H4), 5.80 (ddt, 16.85 Hz, 
10.19, 8.04 Hz, 6 H, =CH), 4.91 (ddt, 16.85 Hz, 2.07 Hz, 1.06 Hz, 6 H, =CH2), 4.89 (ddt, 
10.19 Hz, 2.07 Hz, 1.06 Hz, 6 H, =CH2), 1.84 (brd, 8.03 Hz, 12 H, SiCH2), 0.31 (s, 9 H, 
SiCH3). 13C{1H} NMR (CDCl3): δ = 192.5 (1 C, CHO), 142.8 (1 C, C-CHO), 139.1 (3 C, 
Ar C-Si), 137.0 (1 C, Ar C-Si), 136.9.(2 C, Ar C-H), 135.4 (6 C, Ar C-H), 134.0 (6 C, 
=CH), 133.9 (3 C, Ar C-Si), 133.4 (6 C, Ar C-H), 128.6 (2 C, Ar C-H), 113.5 (6 C, =CH2), 
23.5 (6 C, SiCH2), -3.6 (3 C, SiCH3). 29Si{1H} NMR (CDCl3): -14.7 (1 Si, Si(C6H4)4), -5.7 
(3 Si, (CH3)Si(C6H4)(CH2CH=CH2)2). ESI-TOF: m/z (rel. intensity) = 775.01 (92) [M + 
K]+ (calcd. 775.30). Anal. Calcd for C46H56OSi4 (737.28): C, 74.94; H, 7.66. Found: C, 





To 2b (6.00 mmol, 1.224 g) and pyrrole (6.00 mmol, 0.403 g, 0.416 mL) dissolved in 
dichloromethane (600 mL), BF3·OEt2 (0.60 mmol, 0.085 g, 0.076 mL) was added in a sin-
gle portion. The reaction solution was stirred for 2 hours and then 2,3-dichloro-5,6-
dicyanobenzoquinone (4.50 mmol, 1.224 g) was added in a single portion and stirred for 1 
h. The reaction mixture was washed with saturated NaHCO3 (100 mL) and water (3 × 100 
mL). The organic layer was filtered through a pad of silica gel and then all volatiles were 
removed in oil-pump vacuum. The crude product was purified by column chromatography 
(nhexane – 20 % dichloromethane/nhexane). Compound 5b was obtained as a dark red solid 
(0.44 mmol, 0.440 g, 29 %, mp = 350 ºC dec.). IR (KBr disc): ν = 3315 (S, NH), 3069, 
3056, 3011, 2994, 2911, 2880, 1627 (w, C=C), 1251 (m, CH3 bending), 834, 818, 804 (s, 
Si-C). 1H NMR (CDCl3): δ = 8.87 (s, 8 H, β-pyrrole), 8.23 (brd, 7.89 Hz, 8 H, C6H4), 7.90 
(brd, 7.89 Hz, 8 H, C6H4), 6.01 (ddt, 16.95 Hz, 10.09 Hz, 8.09 Hz, 4 H, =CH), 5.04 (ddt, 
16.95 Hz, 2.38 Hz, 1.13 Hz, 4 H, =CH2), 5.01 (ddt, 10.09 Hz, 2.38 Hz, 1.13 Hz, 3 H, 
=CH2), 2.02 (dt, 8.05 Hz, 1.13 Hz, 16 H, SiCH2), 0.54 (s, 24 H, SiCH3), -2.74 (brs, 2 H, N-
H). 13C{1H} NMR (CDCl3): δ = 142.8 (4 C, Ar C-porphrin), 137.8 (4 C, Ar C-Si), 134.7 (4 
C, =CH), 134.1 (8 C, Ar C-H), 132.0 (8 C, Ar C-H), 131.2 (br, 8 C, β-C), 120.1 (4 C, 
meso-C), 113.6 (4 C, =CH2), 24.0 (4 C, SiCH2), -3.2 (8 C, SiCH3). 29Si{1H} NMR 
(CDCl3): δ = -4.1. ESI-TOF: m/z (rel. intensity) = 1007.49 (13) [M + H]+ (calcd. 1007.48). 
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Anal. Calcd for C64H70N4Si4 (1007.61): C, 76.29; H, 7.00; N, 5.56. Found: C, 76.03; H, 





To 2c (10.00 mmol, 2.301 g) and pyrrole (10.00 mmol, 0.671 g, 0.69 mL) dissolved 
in dichloromethane (1000 mL), BF3·OEt2 (1.00 mmol, 0.142 g, 0.13 mL) was added. The 
reaction solution was stirred for 2 h and then 2,3-dichloro-5,6-dicyanobenzoquinone (7.50 
mmol, 1.703 g) was added and stirring was continued for 1 h. The reaction mixture was 
washed with saturated NaHCO3 (100 mL) and water (3 × 100 mL). The organic layer was 
filtered through a pad of silica gel and then all volatiles were removed in oil-pump vacuum. 
The crude product was purified by column chromatography (nhexane – 20% dichloro-
methane/nhexane). Compound 5c was obtained as a dark red solid (0.687 mmol, 0.764 g, 
27 %, mp = 350 ºC dec.). IR (KBr disc): ν = 3314 (S, NH), 3070, 3006, 2994, 2966, 2912, 
2880, 1628 (m, C=C), 1250 (m, CH3 bending), 800 (s, Si-C). 1H NMR (CDCl3): δ = 8.90 
(s, 8 H, β-pyrrole), 8.26 (brd, 7.87 Hz, 8 H, C6H4), 7.92 (brd, 7.87 Hz, 8 H, C6H4), 6.04 
(ddt, 17.00 Hz, 10.07 Hz, 8.07 Hz, 8 H, =CH), 5.10 (ddt, 17.00 Hz, 1.96 Hz, 0.92 Hz, 8 H, 
=CH2), 5.06 (ddt, 10.07 Hz, 1.96 Hz, 0.92 Hz, 8 H, =CH2), 2.10 (dt, 8.03 Hz, 0.92 Hz, 32 
H, SiCH2), 0.58 (s, 24 H, SiCH3), -2.69 (brs, 2 H, N-H). 13C{1H} NMR (CDCl3): δ = 142.9 
(4 C, Ar C-porpyrin), 136.1 (4 C, Ar C-Si), 134.3 (8 C, =CH), 134.1 (8 C, Ar C-H), 132.3 
(8 C, Ar C-H), 131.1 (br, 8 C, β-C), 120.1 (4 C, meso-C), 114.1 (8 C, =CH2), 21.8 (8 C, 
SiCH2), -5.6 (4 C, SiCH3). 29Si{1H} NMR (CDCl3): δ = - 5.2. ESI-TOF: m/z (rel. intensity) 
= 1111.50 (100) [M + H]+ (calcd. 1111.54). Anal. Calcd for C72H78N4Si4 (1111.53): C, 
77.78; H, 7.07; N, 5.04. Found: C, 77.68; H, 6.59; N, 4.80. 
 
 
meso-Tetrakis(4-allyldimethylsilylphenyl)porphyrinato Zinc (6a) 
 
To porphyrin 5b (0.050 mmol, 50.4 g) dissolved in chloroform (15 mL), a methano-
lic solution (10 mL) containing [Zn(OAc)2·2H2O] (0.100 mmol, 0.0219 g) was added in 
single portion. The reaction solution was stirred for 2 hours and at 25 ºC and then was 
washed with saturated NaHCO3 (15 mL) and then with water (2 × 15 mL). The organic 
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layer was dried over Na2SO4 and all volatiles were removed in oil-pump vacuum to afford 
6a as a dark red solid (0.495 mmol, 0.053 g, 99 %, mp = 350 ºC dec.). IR (KBr disc): ν = 
3055, 3011, 2989, 2911, 2954,2908, 2878, 1627 (w, C=C), 125 (m, CH3 bending), 836, 
820, 811, 796 (s, Si-C). 1H NMR (CDCl3): δ = 9.00 (s, 8 H, β-pyrrole), 8.25 (brd, 7.86 Hz, 
8 H, C6H4), 7.90 (brd, 7.86 Hz, 8 H, C6H4), 6.02 (ddt, 16.95 Hz, 10.07 Hz, 8.06 Hz, 4 H, 
=CH), 5.05 (brd, 16.95 Hz, 4 H, =CH2), 5.02 (brd, 10.07 Hz, 4 H, =CH2), 2.03 (brd, 8.06 
Hz, 8 H, SiCH2), 0.56 (s, 24 H, SiCH3). 13C{1H} NMR (CDCl3): δ = 150.2 (4 C, α-C), 
143.4 (4 C, Ar C-porphyrin), 137.5 (4 C, Ar C-Si), 134.8 (4 C, =CH), 133.9 (8 C, Ar C-H), 
132.1 (8 C, β-C), 131.8 (8 C, Ar C-H), 121.2 (4 C, meso-C), 113.6 (4 C, =CH2), 24.0 (4 C, 
SiCH2), -3.2 (8 C, SiCH3). 29Si{1H} NMR (CDCl3): δ = -4.1 (4 Si). ESI-TOF: m/z (rel. in-
tensity) = 1070.44 (10) [M]+ (calcd. 1070.40). Anal. Calcd for C64H70N4Si4Zn (1073.00): 
C, 71.64; H, 6.58; N, 5.22. Found: C, 71.14; H, 6.58; N, 4.98. 
 
 
meso-Tetrakis[4-(diallylmethylsilyl)-phenyl]porphyrinato Zinc (6b) 
 
To porphyrin 5c (0.050 mmol, 55.6 g) dissolved in chloroform (15 mL), 
[Zn(OAc)2·2H2O] (0.100 mmol, 0.0219 g) dissolved in methanol (10 mL) was added in a 
single portion. The reaction solution was stirred for 2 hours at 25 ºC and afterward was 
washed with saturated NaHCO3 (15 mL) and then with water (2 × 15 mL). The organic 
layer was dried over Na2SO4 and all volatiles were removed oil-pump vacuum to afford 6b 
as a dark red solid (0.490 mmol, 0.0576 g, 98 %, mp = 350 ºC dec.). IR (KBr disc): ν = 
3070, 3056, 3008, 2990, 2966, 2952, 2912, 2876, 1628 (m, C=C), 1252 (m, Si-CH3 ben-
ding), 820 (s, Si-C), 798 (s, Si-C). 1H NMR (CDCl3): δ = 8.98 (s, 8 H, β-pyrrole), 8.24 
(brd, 7.89 Hz, 8 H, C6H4), 7.89 (brd, 7.89 Hz, 8 H, C6H4), 6.01 (ddt, 16.95 Hz, 10.05 Hz, 
8.06 Hz, 8 H, =CH), 5.07 (ddt, 16.95 Hz, 2.04 Hz, 0.92 Hz, 4 H, =CH2), 5.03 (ddt, 10.05 
Hz, 2.04 Hz, 0.92 Hz, 4 H, =CH2), 2.02 (dt, 8.06 Hz, 0.85 Hz, 16 H, SiCH2), 0.55 (s, 12 H, 
SiCH3). 13C{1H} NMR (CDCl3): δ = 150.1 (4 C, α-C), 143.6 (4 C, Ar C-porphyrin), 135.8 
(4 C, Ar C-Si), 134.3 (8 C, =CH), 133.9 (8 C, Ar C-H), 132.2 (8 C, Ar C-H), 132.0 (8 C, β-
C), 121.1 (4 C, meso-C), 114.1 (8 C, =CH2), 21.9 (8 C, SiCH2), -5.6 (4 C, SiCH3). 
29Si{1H} NMR (CDCl3): δ = -5.2. ESI-TOF: m/z (rel. intensity) = 1174.48 (16) [M]+ 
(calcd. 1174.46). Anal. Calcd for C72H78N4Si4Zn (1177.15): C, 73.46; H, 6.68; N, 4.76. 





To 4a (4.00 mmol, 2.324 g) and pyrrole (4.00 mmol, 0.268 g, 0.28 mL) dissolved in 
dichloromethane (400 mL), BF3·OEt2 (0.400 mmol, 0.057 g, 0.05 mL) was added in a sin-
gle portion. The reaction solution was stirred for 2 hours and then 2,3-dichloro-5,6-
dicyanobenzoquinone (3.00 mmol, 0.681 g) was added in a single portion and stirring was 
continued for 1 h. The reaction mixture was washed with saturated NaHCO3 (40 mL) and 
afterward with water (3 × 40 mL). The organic layer was filtered through a pad of silica gel 
and then all volatile materials were removed in oil-pump vacuum. The crude product was 
purified by column chromatography (nhexane – 20 % dichloromethane/nhexane). After all 
solvents were removed, 7a was obtained as a dark red solid (0.256 mmol, 0.643 g, 26 %, 
mp = 350 ºC dec.). IR (KBr disc): ν = 3315 (s, NH), 3047, 2995, 2952, 2932, 2894, 1249 
(m, CH3 bending), 1133, 847 (s, Si-C), 839 (s, Si-C), 803. 1H NMR (CDCl3): δ = 8.94 (s, 8 
H, β-pyrrole), 8.27 (brd, 7.99 Hz, 8 H, C6H4), 8.02 (brd, 7.99 Hz, 8 H, C6H4), 7.85 (brd, 
7.99 Hz, 24 H, C6H4), 7.70 (brd, 7.99 Hz, 24 H, C6H4), 0.36 (s, 108 H, SiCH3), -2.72 (brs, 
2 H, N-H). 13C{1H} NMR (CDCl3): δ = 143.3 (4 C, Ar C-porphyrin), 142.2 (12 C, Ar C-
Si), 135.8 (24 C, Ar C-H), 134.7 (8 C, Ar C-H), 134.6 (12 C, Ar C-Si), 134.2 (8 C, Ar C-
H), 133.5 (4 C, Ar C-Si) 132.9 (24 C, Ar C-H), 120.1 (4 C, meso-C), -1.1 (36 C, SiCH3). 
29Si{1H} NMR (CDCl3): δ = -14.3 (4 Si, Si(C6H4)4), -3.9 (12 Si, (CH3)3Si(C6H4)). Anal. 






To 4b (2.42 mmol, 1.595 g) and pyrrole (2.42 mmol, 0.157 g, 0.168 mL) dissolved in 
dichloromethane (242 mL), BF3·OEt2 (0.242 mmol, 0.0344 g, 0.030 mL) was added in a 
single portion. The reaction solution was stirred for 2 hours and then 2,3-dichloro-5,6-
dicyanobenzoquinone (1.815 mmol, 0.412 g) was added and stirring was continued for 1 h. 
The reaction mixture was washed with saturated NaHCO3 (40 mL) and then with water (3 
× 40 mL). The organic layer was filtered through a pad of silica gel and then all volatile 
materials were removed in oil-pump vacuum. The crude product was purified by column 
chromatography (nhexane – 20 % dichloromethane/nhexane). After removal of all volatiles, 
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compound 7b was isolated as a dark red solid (0.224 mmol, 0.633 g, 37%, mp = 350 ºC 
dec.). IR (KBr disc): ν = 3321 (s, NH), 3066, 3048, 2993, 2952, 2917, 2851, 1628 (m, 
C=C), 1250 (m, CH3 bending), 1132, 835 (s, Si-C), 801 (s, Si-C). 1H NMR (CDCl3): δ = 
8.92 (s, 8 H, β-pyrrole), 8.25 (brd, 8.00 Hz, 8 H, C6H4), 7.98 (brd, 8.00 Hz, 8H, C6H4), 
7.81 (brd, 7.99 Hz, 24 H, C6H4), 7.67 (brd, 7.99 Hz, 24 H, C6H4), 5.85 (ddt, 16.82 Hz, 
10.12 Hz, 8.06 Hz, 12 H, =CH), 4.92 (ddt, 16.82 Hz, 2.14 Hz, 1.04 Hz, 12 H, =CH2), 4.89 
(ddt, 10.12 Hz, 2.14 Hz, 1.04 Hz, 12 H, =CH2), 1.83 (dt, 8.06 Hz, 1.04 Hz, 24 H, SiCH2), 
0.35 (s, 72 H, SiCH3), -2.75 (s, 2 H, NH). 13C{1H} NMR (CDCl3): δ = 143.4 (4 C, Ar C-
porphyrin), 140.5 (12 C, Ar C-Si), 135.8 (24 C, Ar C-H), 134.8 (12 C, Ar C-Si), 134.7 (8 
C, Ar C-H), 134.6 (12 C, =CH), 134.2 (8 C, Ar C-H), 133.4 (4 C, Ar C-Si), 133.2 (24 C, 
Ar C-H), 120.1 (4 C, meso-C), 113.5 (12 C, =CH2), 23.6 (12 C, SiCH2), -3.5 (24 C, 
SiCH3). 29Si{1H} NMR (CDCl3): -14.2 (4 Si, Si(C6H4)4), -4.5 (12 Si, 
(CH3)2Si(C6H4)(CH2CH=CH2)). Anal. Calcd for C176H206N4Si16 (2826.97): C, 74.78; H, 





To 4c (1.81 mmol, 1.333 g) and pyrrole (1.81 mmol, 0.122 g, 0.13 mL) dissolved in 
dichlormethane (180 mL), BF3·OEt2 (0.18 mmol, 0.026 g, 0.02 mL) was added in a single 
portion. The reaction solution was stirred for 2 h and then 2,3-dichloro-5,6-
dicyanobenzoquinone (1.36 mmol, 0.308 g) was added and stirring was continued for 1 h. 
The reaction mixture was washed with saturated NaHCO3 (40 mL) and then with water (3 
× 40 mL). The organic layer was filtered through a pad of silica gel and then all volatile 
materials were removed in oil-pump vacuum. The crude product was purified by column 
chromatography (nhexane – 20 % dichloromethane/nhexane). After removal of all volatiles, 
compound 7c was isolated as a dark red solid (0.143 mmol, 0.4521 g, 32 %, mp = 350 ºC 
dec.). IR (KBr disc): ν = 3322 (S, NH), 3074, 3050, 2996, 2968, 2954, 2912, 2878, 1630 
(m, C=C), 1252 (m, CH3 bending), 1132, 822 (s, Si-C), 802 (s, Si-C). 1H NMR (CDCl3): δ 
= 8.94 (s, 8 H, β-pyrrole), 8.28 (brd, 7.59 Hz, 8 H, C6H4), 7.99 (brd, 7.59 Hz, 8H, C6H4), 
7.82 (brd, 7.47 Hz, 24 H, C6H4), 7.68 (brd, 7.47 Hz, 24 H, C6H4), 5.86 (ddt, 17.23 Hz, 9.63 
Hz, 8.14 Hz, 24 H, =CH), 4.95 (brd, 17.23 Hz, 24 H, =CH2), 4.93 (brd, 9.63 Hz, 24 H, 24 
H), 1.90 (brd, 8.00 Hz, 48 H, SiCH2), 0.37 (s, 36 H, SiCH3), -2.75 (s, 2 H, NH). 13C{1H} 
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NMR (CDCl3): δ = 143.4 (4 C, Ar C-porphyrin), 138.9 (12 C, Ar C-Si), 135.7 (24 C, Ar C-
H), 135.0 (12 C, Ar C-Si), 134.8 (8 C, Ar C-H), 134.3 (8 C, Ar C-H), 134.2 (24 C, =CH), 
133.5 (24 C, Ar C-H), 133.2 (4 C, Ar C-Si), 120.1 (4 C, meso-C), 114.0 (24 C, =CH2), 
21.6 (24 C, SiCH2), -5.8 (24 C, SiCH3). 29Si{1H} NMR (CDCl3): δ = -14.2 (4 Si, 
Si(C6H4)4), -5.7 (12 Si, (CH3)Si(C6H4)(CH2CH=CH2)2). Anal. Calcd for C200H230N4Si16 
(3153.39): C, 76.52; H, 7.38, N, 1.78. Found: C, 76.66; H, 7.17; N, 1.23. 
 
 
meso-Tetrakis{4-[tris(4-trimethylsilylphenyl)silyl]-phenyl}porphyrinato Zinc (8a) 
 
To porphyrin 7a (0.0139 mmol, 0.0350 g) dissolved in chloroform (5 mL), 
[Zn(OAc)2·2H2O] (0.0347 mmol, 0.0076 g) in methanol (2.5 mL) was added in a single 
portion. The reaction solution was stirred for 2 hours and at 25 ºC and afterward was 
concentrated oil-pump vacuum dryness. The residue was extracted with chloroform (10 
mL) and water (5 mL). The organic layer was dried over MgSO4 and all volatiles were 
removed in oil-pump vacuum to afford 8a as a dark red solid (0.0135 mmol, 0.340 g, 97 %, 
mp = 350 ºC dec.). IR (KBr disc): ν = 3046, 2994, 2952, 2932, 2893, 1249 (m, CH3 
bending), 1132, 845 (s, Si-C), 839 (s, Si-C), 803. 1H NMR (CDCl3): δ = 9.02 (s, 8 H, β-
pyrrole), 8.25 (brd, 7.88 Hz, 8 H, C6H4), 7.99 (brd, 7.88 Hz, 8H, C6H4), 7.83 (brd, 7.83 Hz, 
24 H, SiC6H4Si), 7.68 (brd, 7.83 Hz, 24 H, SiC6H4Si), 0.34 (s, 108 H, SiCH3). 13C{1H} 
NMR (CDCl3): δ = 150.1 (8 C, α-C), 144.0 (4 C, Ar C-porphyrin), 142.1 (12 C, Ar C-Si), 
135.8 (24 C, Ar C-H), 134.7 (12 C, Ar C-Si), 134.6 (8 C, Ar C-H), 134.1 (8 C, Ar C-H), 
133.2 (4 C, Ar C-Si), 132.9 (24 C, Ar C-H), 132.1 (8 C, β-C), 121.1 (4 C, meso-C), -1.1 
(36 C, SiCH3). δ = -14.3 (4 Si, Si(C6H4)4), -3.9 (12 Si, (CH3)Si(C6H4)(CH2CH=CH2)2). 
Anal. Calcd for C152H180N4Si16Zn·EtOH (2619.02): C, 70.49; H, 7.14; N, 2.14. Found: C, 
70.51; H, 6.95; N, 1.86. 
 
 
meso-Tetrakis{4-[tris(4-allyldimethylsilylphenyl)silyl]-phenyl]porphyrinato Zinc (8b) 
 
To porphyrin 7b (0.0123 mmol, 0.0350 g) dissolved in chloroform (5 mL), 
[Zn(OAc)2·2H2O] (0. 0308 mmol, 0.0067 g) in methanol (2.5 mL) was added in a single 
portion. The reaction solution was stirred for 2 h at 25 ºC and afterward was concentrated 
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in oil-pump vacuum to dryness. The residue was extracted with chloroform (10 mL) and 
then with water (5 mL). The organic layer was dried over MgSO4 and all volatiles were 
removed in oil-pump vacuum to afford 8b as a dark red solid (0.0118 mmol, 0.336 g, 96 %, 
mp = 350 ºC dec.). IR (KBr disc): ν = 3074, 3047, 2994, 2953, 2912, 1628 (m, C=C), 1249 
(m, CH3 bending), 1132, 835 (s, Si-C), 799 (s, Si-C). 1H NMR (CDCl3): δ = 9.05 (s, 8 H, 
β-pyrrole), 8.29 (brd, 8.00 Hz, 8 H, C6H4), 7.97 (brd, 8.00 Hz, 8H, C6H4), 7.85 (brd, 7.96 
Hz, 24 H, SiC6H4Si), 7.70 (brd, 7.96 Hz, 24 H, SiC6H4Si), 5.88 (ddt, 16.88 Hz, 10.15 Hz, 
8.09 Hz, 24 H, =CH), 4.95 (ddt, 16.88 Hz, 2.13 Hz, 1.10 Hz, =CH2), 4.92 (ddt, 10.15 Hz, 
2.13 Hz, 1.10 Hz, =CH2), 1.86 (dt, 8.09 Hz, 1.10 Hz, 24 H, SiCH2), 0.38 (s, 72 H, SiCH3). 
13C{1H} NMR (CDCl3): δ = 150.1 (8 C, α-C), 144.0 (4 C, Ar C-porphyrin), 140.5 (12 C, 
Ar C-Si), 135.8 (24 C, Ar C-H), 134.9 (12 C, Ar C-Si), 134.6 (20 C, =CH & Ar C-H), 
134.1 (8 C, Ar C-H), 133.2 (24 C, Ar C-H), 133.0 (4 C, Ar C-Si), 132.1 (8 C, β-C), 121.1 
(4 C, meso-C), 113.5 (12 C, =CH2), 23.6 (12 C, SiCH2), -3.5 (24 C, SiCH3). 29Si{1H} 
NMR (CDCl3): δ = –14.2 (4 Si, Si(C6H4)4), –4.5 (12 Si, (CH3)Si(C6H4)(CH2CH=CH2)2). 
Anal. Calcd for C176H204N4Si16Zn·2EtOH (2982.26): C, 72.49; H, 7.30, N, 1.88. Found: C, 
72.17; H, 7.10; N, 1.67. 
 
 
meso-Tetrakis{4-[tris(4-diallylmethylsilylphenyl)silyl]-phenyl}porphyrinato Zinc (8c) 
 
To porphyrin 7c (0.0317 mmol, 0.100 g) dissolved in chloroform (15 mL), solution 
of [Zn(OAc)2·2H2O] (0.0793 mmol, 0.0174 g) in methanol (5 mL) was added in single por-
tion. The reaction solution was stirred for 2 hours at 25 ºC and afterward was concentrated 
in oil-pump vacuum to dryness. The residue was extracted with chloroform (20 mL) and 
then with water (10 mL). The organic layer was dried over MgSO4 and all volatiles were 
removed in oil-pump vacuum to afford 8c (0.0308 mmol, 0.0990 g, 97 %, mp = 350 ºC 
dec.). IR (KBr disc): ν = 3074, 3050, 2994, 2968, 2912, 2878, 1628 (m, C=C), 1252 (m, 
CH3 bending), 1132, 820 (s, Si-C), 802 (s, Si-C). 1H NMR (CDCl3): δ = 9.03 (s, 8 H, β-
pyrrole), 8.27 (brd, 8.04 Hz, 8 H, C6H4), 7.97 (brd, 8.04 Hz, 8H, C6H4), 7.82 (brd, 8.04 Hz, 
24 H, SiC6H4Si), 7.67 (brd, 8.04 Hz, 24 H, SiC6H4Si), 5.85 (ddt, 16.94 Hz, 9.63 Hz, 8.05 
Hz, 24 H, =CH), 4.94 (ddt, 16.94 Hz, 2.11 Hz, 1.00 Hz, =CH2), 4.91 (ddt, 9.87 Hz, 2.11 
Hz, 1.00 Hz, =CH2), 1.89 (brd, 8.05 Hz, 48 H, SiCH2), 0.36 (s, 36 H, SiCH3). 13C{1H} 
NMR (CDCl3): δ = 150.1 (8 C, α-C), 144.1 (4C, Ar C-porphyrin), 138.8 (12 C, Ar C-Si), 
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135.7 (24 C, Ar C-H), 135.1 (12 C, Ar C-Si), 134.6 (8 C, Ar C-H), 134.2 (24 C, =CH), 
134.1 (8 C, Ar C-H), 133.5 (24 C, Ar C-H), 132.9 (4 C, Ar C-Si), 132.1 (8 C, β-C), 121.1 
(4 C, meso-C), 114.0 (24 C, =CH2), 21.6 (24 C, SiCH2), -5.8 (12 C, SiCH3). 29Si{1H} 
NMR (CDCl3): δ = –14.2 (4 Si, Si(C6H4)4), –5.7 (12 Si, (CH3)Si(C6H4)(CH2CH=CH2)2). 
Anal. Calcd for C200H228N4Si16Zn·2EtOH (3294.87): C, 74.36; H, 7.34; N, 1.70. Found: C, 





To BH3·S(CH3)2 (2.0 M, 2.00 mmol, 1.00 mL) dissolved in tetrahydrofuran (5.0 mL), 
5b (0.397 mmol, 0.400 g) in tetrahydrofuran (30 mL), was drop-wise added during 10 min 
at 0 oC. The reaction solution was stirred for 2 hours and then quenched with aqueous 
NaOH (3 M, 0.75 mL) and stirring was continued for 15 min. Afterward H2O2 (30 %, 0.75 
mL) was added in a single portion and the reaction mixture was stirred at 25 ºC for 30 min. 
Then, it was extracted with saturated aqueous K2CO3 (20 mL) and followed with a 50 % 
diethyl ether/tetrahydrofuran mixture (50 mL). The organic layer was washed with brine 
and eluted through a silica gel column (tetrahydrofuran, column size 1 × 10 cm). All vola-
tile materials were removed in oil-pump vacuum and the residue was washed with diethyl 
ether (3 x 15 mL) and was then dried in oil-pump vacuum to give 9a (0.332 mmol, 0.358 g, 
83 %, mp = 350 ºC dec.) as a dark red solid. IR (KBr disc): ν = 3397 (s, OH), 3314 (s, 
NH), 3055, 3011, 2994, 2926, 2864, 1251 (m, CH3 bending), 833, 803 (s, Si-C). 1H NMR 
(dmso-d6): δ = 8.85 (s, 8 H, β-pyrrole), 8.23 (d, 7.40 Hz, 8 H, C6H4), 7.96 (d, 7.30 Hz, 8 H, 
C6H4), 4.53 (t, 5.30 Hz, 4 H, OH), 3.51 (q, 6.24 Hz, 8 H, CH2O), 1.67 (m, 8 H, CH2), 0.96 
(m, 8 H, SiCH2), 0.50 (s, 24 H, SiCH3), -2.87 (brs, 2 H, NH). 1H NMR (thf-d8): δ = 8.84 (s, 
8 H, β-pyrrole), 8.22 (d, 7.82 Hz, 8 H, C6H4), 7.95 (d, 7.82 Hz, 8 H, C6H4), 3.58 (t, 6.23 
Hz, 8 H, CH2O), 1.64 (m, 8 H, CH2), 1.03 (m, 8 H, SiCH2), 0.52 (s, 24 H, SiCH3). 13C{1H} 
NMR (thf-d8): δ = 143.6 (4 C, Ar C-porphyrin), 139.4 (4 C, Ar C-H), 134.8 (8 C, Ar C-H), 
132.7 (8 C, Ar C-H), 131.7 (br, 8 C, β-C), 120.9 (4 C, meso-C), 65.5 (4 C, CH2O), 28.5 (4 
C, CH2), 12.5 (4 C, SiCH2), -2.8 (8 C, SiCH3). 29Si{1H} NMR (dmso-d6): -2.0 (4 Si). 
29Si{1H} NMR (thf-d8): δ = -4.0 (4 Si). ESI-TOF: m/z (rel. Intensity) = 1079.60 (25) [M + 
H]+ (calacd. 1079.52). Anal. Calcd. for C64H78N4O4Si4·THF (1150.57): C, 70.91; H, 7.53; 






To BH3·SMe2 (2.0 M, 2.00 mmol, 1.00 mL) dissolved in tetrahydrofuran (5.0 mL), 
5c (0.2069 mmol, 0.230 g) in tetrahydrofuran (30 mL), was drop-wise added during 10 min 
at 0 oC. After stirring the reaction solution for 2 hours and then quenched with a aqueous 
NaOH (3 M, 0.75 mL) and stirring continued for 15 min. Afterward H2O2 (30 %, 0.75 mL) 
was added in a single portion and the mixture was stirred at 25 ºC for 30 min. Afterward it 
was extracted with saturated aqueous K2CO3 (20 mL) and then with a 50 % diethyl 
ether/tetrahydrofuran mixture (50 mL). The organic layer was washed with brine and fil-
tered through a silica gel (tetrahydrofuran, column size 1 × 10 cm). All volatile materials 
were removed in oil-pump vacuum and the residue was washed with diethyl ether (3 × 15 
mL) and was then dried in oil-pump vacuum to give 9b as a dark red solid (0.1496 mmol, 
0.1858 g, 72 %, mp = 350 ºC dec.) as a dark red solid. IR (KBr disc): ν = 3393 (s, OH), 
3314 (s, NH), 3055, 3011, 2994, 2927, 2863, 1251 (m, CH3 bending), 801 (s, Si-C). 1H 
NMR (dmso-d6): δ = 8.87 (s, 8 H, β-pyrrole), 8.26 (d, 7.50 Hz, 8 H, C6H4), 7.97 (d, 7.50 
Hz, 8 H, C6H4), 4.56 (t, 5.25 Hz, 8 H, OH), 3.51 (q, 6.09 Hz, 16 H, CH2O), 1.67 (m, 16 H, 
CH2), 1.00 (m, 16 H, SiCH2), 0.51 (s, 12 H, SiCH3), -2.86 (brs, 2 H, NH). 1H NMR (thf-
d8): δ = 8.84 (s, 8 H, β-pyrrole), 8.22 (d, 7.63 Hz, 8 H, C6H4), 7.96 (d, 7.63 Hz, 8 H, C6H4), 
3.58 (t, 6.38 Hz, 16 H, CH2O), 1.74 (m, 16 H, CH2), 1.06 (m, 16 H, SiCH2), 0.52 (s, 12 H, 
SiCH3). 13C{1H} NMR (thf-d8): δ = 143.5 (4 C, Ar C-porphyrin), 138.6 (4 C, Ar C-H), 
134.8 (8 C, Ar C-H), 133.1 (8 C, Ar C-H), 131.7 (br, 8 C, β-C), 121.0 (4 C, meso-C), 65.6 
(8 C, CH2O), 28.5 (8 C, CH2), 10.9 (4 C, SiCH2), -4.8 (8 C, SiCH3). 29Si{1H} NMR (dmso-
d6): δ = -0.8 (4 Si). 29Si{1H} NMR (thf-d8): δ = -0.8 (4 Si). ESI-TOF: m/z (rel. intensity) = 
1293.70 (52) [M + K]+ (calcd. 1293.58). Anal. Calcd. for C72H94N4O8Si4·H2O (1273.90): 
C, 67.88; H, 7.60; N, 4.40. Found: C, 67.68; H, 7.65; N, 4.31. 
 
 
meso-Tetrakis[4-dimethyl(3-hydroxypropyl)silylphenyl)porphyrinato Zinc (10a) 
 
To porphyrin 9a (0.0926 mmol, 0.100 g) dissolved in tetrahydrofuran (30 mL), a so-
lution of [Zn(OAc)2·2H2O] (0.185 mmol, 0.0407 g) in methanol (10 mL) was added in a 
single portion. The reaction solution was stirred for 2 hours at 25 ºC and afterward was 
concentrated in oil-pump vacuum to dryness. The residue was dissolved in tetrahydrofuran 
(20 mL) and filtered through silica gel (tetrahydrofuran, column size 1 × 5 cm) and then all 
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volatiles were removed in oil-pump vacuum. The solid product was washed with diethyl 
ether/pentane 2 : 8 (30 mL) and then dried in oil-pump vacuum to give 10a as dark red 
solid (0.0857 mmol, 0.0980 g, 93 %, mp = 350 ºC dec.). IR (KBr disc): ν = 3398 (m, OH), 
3048, 3004, 2945, 2927, 2863, 1246 (s, CH3 bending), 831, 798 (s, Si-C). 1H NMR (dmso-
d6): δ = 8.76 (s, 8 H, β-pyrrole), 8.16 (d, 7.50 Hz, 8 H, C6H4), 7.89 (d, 7.50 Hz, 8 H, C6H4), 
4.49 (t, 6.17 Hz, 4 H, OH), 3.46 (q, 6.29 Hz, 8 H, CH2O), 1.63 (m, 8 H, CH2), 0.92 (m, 8 
H, SiCH2), 0.47 (s, 24 H, SiCH3). 13C{1H} NMR (dmso-d6): δ = 150.1 (4 C, α-C), 144.2 (4 
C, Ar C-porphyrin), 138.6 (Ar C-Si), 134.7 (8, Ar C-H), 132.6 (16 C, Ar C-H & β-C), 
121.2 (4 C, meso-C), 64.8 (4 C, CH2O), 28.2 (4 C, CH2), 12.4 (4 C, SiCH2), -1.8 (8 C, 
SiCH3).29Si{1H} NMR (dmso-d6): -2.1. ESI-TOF: m/z (rel. intensity) = 1179.50 (70) [M + 
K]+ (calcd. 1179.39). Anal. Calcd. for C64H76N4O4Si4Zn (1143.04): C, 67.25; H, 6.70; H, 
4.90. Found: C, 67.44; H, 7.12; N, 4.81. 
 
 
meso-Tetrakis[4-methyldi(3-hydroxypropyl)silylphenyl]porphyrinato Zinc (10b) 
 
To porphyrin 9b (0.0805 mmol, 0.100 g) dissolved and in tetrahydrofuran (30 mL), a 
solution of [Zn(OAc)2·2H2O] (0.1611 mmol, 0.03536 g) in methanol (10 mL) was added in 
a single portion. The reaction solution was stirred for 2 hours at 25 ºC and afterward was 
concentrated in oil-pump vacuum to dryness. The residue was dissolved in tetrahydrofuran 
(50 mL) and filtered through silica gel (tetrahydrofuran, column size 1 × 5 cm) and then all 
volatile materials were removed in oil-pump vacuum. The solid residue was washed with 
diethyl ether (30 mL) then dried in oil-pump vacuum to give 10b as dark red solid (0.0682 
mmol, 0.089 g, 85 %, mp = 350 ºC dec.). IR (KBr disc): ν = 3403 (m, OH), 3055, 3004, 
2923, 2863, 1250 (w, CH3 bending), 858, 796 (s, Si-C). 1H NMR (dmso-d6): δ = 8.77 (s, 8 
H, β-pyrrole), 8.18 (d, 7.72 Hz, 8 H, C6H4), 7.90 (d, 7.72 Hz, 8 H, C6H4), 4.49 (t, 6.17 Hz, 
8 H, OH), 3.46 (q, 6.29 Hz, 8 H, CH2O), 1.64 (m, 16 H, CH2), 0.95 (m, 16 H, SiCH2), 0.47 
(s, 12 H, SiCH3). 13C{1H} NMR (dmso-d6): δ = 150.2 (4 C, α-C), 144.2 (4 C, Ar C-
porphyrin), 137.8 (Ar C-Si), 134.8 (8, Ar C-H), 132.9 (8 , Ar C-H), 132.6 (br, 8 C, β-C), 
121.3 (4 C, meso-C), 64.9 (4 C, CH2O), 28.2 (4 C, CH2), 10.8 (4 C, SiCH2), -3.8 (8 C, 
SiCH3). 29Si{1H} NMR (dmso-d6): δ = -0.9. ESI-TOF: m/z (rel. intensity) = 1355.62 (8) [M 
+ K]+ (calcd. 1355.49). Anal. Calcd. for C71H90N4O8Si4Zn (1305.23): C, 65.33; H, 6.95; H, 
4.29. Found: C, 64.69; H, 7.11; N, 4.07. 
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X-ray Structure Determination. 
 
Experimental crystallographic data for 5b, 5c, 6b, 7b and 10a are given in Table 1. 
The data for 5b, 5c and 6b were collected with a Bruker Smart 1k CCD diffractometer by 
using graphite monochromatized Mo-Kα radiation (λ = 0.71 Å) while the data for 7b (Mo-
Kα radiation (λ = 0.71 Å)) and 10b (Cu-Kα radiation (λ = 1.54 Å)) were collected Oxford 
Gemini S diffractometer. The structures were solved by direct methods with the program 
SHELXS-9725 and structure refinement was done by least-squares based F2 using 
SHELXL-97.26 
 
All non-hydrogen atoms were fully refined anisotropically. The position of the hy-
drogen atoms has been refined with a riding model except nitrogen-bonded hydrogens for 
5b, 6b, 7b and oxygen-bonded hydrogens for 10b. The position of the nitrogen-bonded 
hydrogen atoms have been taken from the difference Fourier map and refined with the 
restraint of equal bond length for 5b or refined freely for 5c. The two nitrogen-bonded 
hydrogen atoms in 5b are disordered and have been refined with a fixed occupancy of 
0.50/0.50. 
 
In 6b two (CH3)2CH2CHCH2 units are disordered and have been refined to split 
occupancies of 0.37/0.63 (C38-C42) and 0.74/0.26 (C49-C53). It was not possible for 7b to 
refine all of the disordered atoms but of the two crystallographycally independent central 
molecules two carbon atoms have been refined to split occupacies of 0.593/0.407 (C37) 
and 0.566/0.434 (C125). Also, the atoms C91 and C96 from the six packing ethanol 
molecules are disordered and have been refined to split into two positions. In 10b one 
phenyl and three hydroxyl units are disordered and have been refined to split occupacy of 
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Since the introduction of the first dendrimer in late of 1970s, these compounds re-
cieved much interst due to their unique properties (monodisperse macromolecules with 
regular and highly branched globular structure) with respecte to regular polymers. Carbosi-
lane dendrimers are one of the most rapidly growing fields in dendrimers chemisry due to 
the possibility for wide range of applications (e.g., catalysis, liquid crystalline materials, 
and drug delivery). However, most of the reported carbosilane dendrimers have flexible 
backbone structures, which may become of disadvantage of in certain applications as a re-
sult of backfolding. Therefore, this work was directed to introduce general synthestic 
strategies to prepare a new series of shape-persistent dendritic carbosilanes with 1,4-
phenylene as silicon-silicon spacer units instead of aliphatic chains which so far were used.  
 
The first Chapter decribes a convergent synthetic methodology to prepare shape-
persistent dendritic molecules with 1,4-phenylene spacer units. For this purpose Br-C6H4-
SiCl3 was used as branching unit and the bromo allylsilanes 1-Br-4-Si(CH2CH=CH2)nMe3-
nC6H4 (n = 0, 1, 2, 3). This chapter provide a complete describtion of the synthesis and 
characterization of 0th generation dendrimers Si(C6H4-4-Si(CH2CH=CH2)nMe3-n)4 (G0b, n 
= 1; G0c, n = 2; G0d, n = 3) and dendrons 1-Br-4-C6H4-Si(C6H4-4-Si(CH2CH=CH2)nMe3-
n)3 (D0a, n = 0; D0b, n =1; D0c, n = 2; D0d, n = 3) as decribed in Scheme 1. Also 1st gen-
eration dendrimers Si(C6H4-4-(C6H4-4-Si(CH2CH=CH2)nMe3-n)3)4 (G1b, n = 1; G1c n = 
2), 1-Br-4-C6H4-Si(C6H4-4-Si(CH2CH=CH2)nMe3-n)3 (D0a, n = 0; D0b, n =1; D0c, n = 2; 
D0d, n = 3) and chlorocarbsilanes ClSi(C6H4-4-(C6H4-4-Si(CH2CH=CH2)nMe3-n)3)3 
(D1bCl, n = 1; D1cCl, n = 2) were successfully prepared (Scheme 2). The first generation 
compounds D1b, D1c, D1d, G1b, G1c, D1bCl and D1cCl are self-complementary dimers, 
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Scheme 2. Synthesis of D1bCl, D1cCl, G1b and G1c from D0b and D0c. 
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In Chapter 2, hydroxyl-functionalized carbosilanes of types Si(C6H4-4-SiMe3-
n((CH2)3OH)n)4 (6a, n = 1; 6b, n = 2; 6c, n = 3) and boronic acids Si(C6H4-4-SiMe3-
n((CH2)3OH)n)4 (5) are synthesized by the terminal functionalization of 0th generation car-
bosilane dendrimers through hydroboration-oxidation or hydroboration-hydration cycles as 
demonestrated in Scheme 3. The molecular solid state structure of 6a is reported. Repre-
sentative for achiral 6a is that it crystallizes in the chiral non-centrosymmetric space group 
P212121 by forming a chiral conformer. A one dimensional chain is set-up by π-π interac-
tions between single molecules of 6a, while hydrogen bonds are responsible for the forma-
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Scheme 3. Synthesis of carbosilane 5 and 6a - 6c from 4a - 4c. 
 
 
In Chapter 3, bromo-allyl silanes Br-1-C6H4-4-SiR1R2Me (1a, R1 =R2 = Me; 1b, R1 = 
Me, R2 = CH2CH=CH2, 1c, R1 = R2 = CH2CH=CH2) and 0th generation dendrons Br-1-
C6H4-4-Si(C6H4-4-SiR1R2Me)3 (3a, R1 =R2 = Me; 3b, R1 = Me, R2 = CH2CH=CH2, 3c, R1 
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= R2 = CH2CH=CH2) were modified to the respective aldehydes HOC-1-C6H4-4-
SiR1R2Me (2a - 2c) and HOC-1-C6H4-4-Si(C6H4-4-SiR1R2Me)3 (4a - 4c) (Scheme 4).  
Novel series of 0th generation porphyrins meso-Tetrakis(dendritic carbosilane)porphyrin: 
H2T(4-SiR1R2Me-C6H4)P (5a - 5c) and the 1st first generation H2T(4-[Si(C6H4-4-
SiR1R2Me)3]-C6H4)P (7a - 7c) (Scheme 5) were prepared through condensation of the re-
spective aldehyde with pyrrole in presence of BF3·OEt2 followed aromatization with DDQ. 
Also, all of the synthesized porphyrins were subjected to zinc metalation by treatment with 
Zn(OAc)2. 
 
Furthermore, hydroboration-oxidation cycles of porphyrins 5b and 5c allowed the 
synthesis of porphyrins with four end-grafted hydroxyl-carbosilane units which suse-
quently could be metalated with zinc. Such compounds have been synthesized as starting 
materials for the preparation of supramolecular hydrogen-bonded materials. For example, 
the solid state structure of Zn[T(4-Si((CH2)3-OH)Me2-C6H4)P] (10a) shows unique struc-
tural features through the self-assembling by porphyrin network formation by means of di-
rectional hydrogen bonding. 2-Dimentional layers are set-up through zinc-oxygen and hy-










1) 2  tBuLi, Et2O
2) 3 DMF, THF
3a, R1 = R2 = Me
3b, R1 = Me,  R2 = CH2CH=CH2
4a, R1 = R2 = Me
4b, R1 = Me,  R2 = CH2CH=CH2























4a, R1 = R2 = Me
4b, R1 = Me,  R2 = CH2CH=CH2













































1) Pyrrole, BF3·OEt2 , CH2Cl2
2) DDQ
7a R1 = R2 = Me
7b, R1 = Me,  R2 = CH2CH=CH2
7c, R1 = R2 = CH2CH=CH2  
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The synthesis of a series of 0th and 1st generation carbosilane dendrimers and den-
drons based on 1,4-phenylene units from 1-Br-4-SiMe3C6H4 (2a) and 1-Br-4-
Si(CH2CH=CH2)nMe3-nC6H4 (3b, n = 1; 3c, n = 2; 3d, n = 3) by using the convergent 
growth–protocol through repetitive lithiation-silylation cycles is discussed. Lithiation of 3b 
– 3d with nBuLi and treatment of in-situ generated Li·3b – Li·3d with SiCl4 gave the 0th 
generation dendrimers Si(C6H4-4-Si(CH2CH=CH2)nMe3-n)4 (G0b, n = 1; G0c, n = 2; G0d, 
n = 3). In a similar manner 1-Br-4-SiCl3-C6H4 (2d) was reacted with 2a and 3b – 3d to 
produce 1-Br-4-C6H4-Si(C6H4-4-Si(CH2CH=CH2)nMe3-n)3 (D0a, n = 0; D0b, n =1; D0c, n 
= 2; D0d, n = 3). The 1st generation dendrimers Si(C6H4-4-(C6H4-4-Si(CH2CH=CH2)nMe3-
n)3)4 (G1b, n = 1; G1c n = 2) were synthesized by lithiation of D0b and D0c with tBuLi 
followed by treatment of obtained Li·D0b and Li·D0c with SiCl4 in presence of TMEDA. 
Without the addition of TMEDA the chlorocarbosilanes ClSi(C6H4-4-(C6H4-4-
Si(CH2CH=CH2)nMe3-n)3)3 (D1bCl, n = 1; D1cCl, n = 2) were formed. By using the same 
synthetic strategy, 1st generation dendrons of type 1-Br-C6H4-4-Si(C6H4-4-(C6H4-4-
Si(CH2CH=CH2)nMe3-n)3)3 (D1b, n = 1; D1c, n = 2; D1d, n = 3) could be prepared by the 
consecutive reaction of D0b – D0d with tBuLi followed by addition of 2d. 
In solution D1b, D1c, D1d, G1b, G1c, D1bCl and D1cCl are self-complementary dimers 
which are in equilibrium with monomeric species. Temperature and concentration 1H 
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NMR studies clarified that the dimerization process is enthalpy favored and entropy op-
posed.  
The structures of G0b and D1bCl in the solid state are reported. G0b crystallizes as three 
crystallographycally independent head-to-head stacking columar structures, while D1bCl 
possesses a unique self-complementary structure in the solid state. This dimeric structure 
has eight T-shaped π-π interactions in a form of four tri-phenylene stacking systems. Each 
unit is constructed by intercalating of one phenylene group from one molecule in an ap-
proximately perpendicular arrangement between two phenylene units from the other mole-
cule. These π-π interactions provide the enthalpy that is responsible for the dimerization 
process. Similar self-complementary structures are also proofed by molecular mechanic 
calculations (MM+) for D1b, D1c, D1d, G1b, G1c, D1bCl and D1cCl. The estimated 
structure for D1bCl fits strongly with the solid state structure. Finally, ESI-TOF mass 
spectrometric measurement of 0th generation compounds G0b, G0c, G0d, D0a, D0b, D0c 
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The preparation of carbosilanes of type PhMeSi((CH2)3B(OH)2)2 (2), Si(C6H4-4-
SiMe2((CH2)3B(OH)2)4 (5), PhMeSi((CH2)3OH)2 (3), and Si(C6H4-4-SiMe3-n((CH2)3OH)n)4 
(6a, n = 1; 6b, n = 2; 6c, n = 3) is described. Boronic acids 2 and 5 are accessible by the 
consecutive reaction of PhMeSi(CH2CH=CH2)2 (1) and Si(C6H4-4-SiMe2(CH2CH=CH2))4 
(4a) with HBBr2·SMe2 and H2O, while 3 and 6a – 6c are available by the hydroboration of 
1 and 4a – 4c with BH3·S(CH3)2 followed by oxidation with H2O2. 
The molecular structure of 6a in the solid state is reported. Representative for achiral 
6a is that it crystallizes in the chiral non-centrosymmetric space group P212121 by forming 
a chiral conformer. A one dimensional chain is setup by π-π interactions between single 
molecules of 6a, while hydrogen bonds are responsible for the formation of the two dimen-
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Symmetrically substituted porphyrins with peripheric 0th and 1st generation 1,4-
phenylene carbosilane dendritic moieties have been synthesized using the Lindsey proce-
dure. In this respect Br-1-C6H4-4-SiR1R2Me (1a, R1 =R2 = Me; 1b, R1 = Me, R2 = 
CH2CH=CH2, 1c, R1 = R2 = CH2CH=CH2) and Br-1-C6H4-4-Si(C6H4-4-SiR1R2Me)3 (3a, 
R1 =R2 = Me; 3b, R1 = Me, R2 = CH2CH=CH2, 3c, R1 = R2 = CH2CH=CH2) were trans-
ferred to the appropriate aldehydes HOC-1-C6H4-4-SiR1R2Me (2a - 2c) and HOC-1-C6H4-
4-Si(C6H4-4-SiR1R2Me)3 (4a - 4c), respectively. which on subsequent treatment with pyr-
role, BF3·OEt2 followed by addition of DDQ gave the appropriate porphyrins meso-
Tetrakis(dendritic carbosilane)porphyrin: H2T(4-SiR1R2Me-C6H4)P (5a - 5c) and H2T(4-
[Si(C6H4-4-SiR1R2Me)3]-C6H4)P (7a - 7c). Addition of Zn(OAc)2 produced the Zn(II) por-
phyrins 6a, 6b and 8a – 8c. Hydroboration-oxidation cycles allowed the synthesis of por-
phyrins with four end-grafted hydroxyl-carbosilane units. Such compounds including their 
zinc (II) derivatives have been developed as building block for supramolecular hydrogen-
bonded materials. This could be confirmed by single X-Ray structure analysis of Zn (II) 
T(4-Si((CH2)3-OH)Me2-C6H4)P (10a). This metalloporphrin exhibits unique structural fea-
tures through assembly of porphyrin network by means of directional hydrogen-bonding. 
2-dimensional layers are set-up through zinc-oxygen and hydrogen-bonding interactions. 
Also, 5b, 5c, 6a and 7b the crystal structures analysis were determined. The solid-state 
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structure of 5b, 5c and 6a show that the replacement for half of the methyl units with the 
larger allyl us convert the 3-dimrnsional network structure in 5b and 6a to a 2-dimensional 
network structure in 5c.  
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